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CARBON MONOXIDE UPTAKE IN RELATION TO 
PULMONARY PERFORMANCE 


THEODORE F. HATCH, S.M. 
PITTSBURGH 


Hl. RATE at which carbon monoxide is taken into the blood during inhalation 
and is eliminated after cessation of exposure is known to follow a systematic 
pattern, related in some way to pulmonary performance. This is well demonstrated 
by the graph reproduced in Chart 1 froma study by Forbes, Sargent, and Roughton.’ 
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Chart 1.—Uptake of CO calculated for man in relation to various percentages of CO and 
rates of ventilation (reproduced from article by W. H. Forbes, F. Sargent, and F. J. Roughton ! 
with permission of the dmerican Journal of Phystology). 


The family of curves summarizes the results of extensive measurements of the CO 
uptake of normal subjects at rest and under various degrees of exercise, in atmos- 
pheres containing CO in concentrations ranging from 0.01 to 2.0%. From these 
curves one can quickly find the expected per-cent HbCO in an average subject 
who has been exposed for a given period to a known CO concentration, for any 
selected breathing rate from 6 up to 30 liters per minute. 
From the Graduate School of Public Health, University of Pittsburgh, and the Industrial 
Hygiene Foundation, Mellon Institute 

1. Forbes, W. H.: Sargent, F., and Roughton, F. J. W.: The Rate of Carbon Monoxide 
Uptaxe by Normal Men, Am. J. Physiol. 143:594, 1945 
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pulmonary performance and other significant physiologic 
suggested by the graph have not been fully worked out in 


respiratory gas exchange 


It is the purpose 
mathematical terms. 


PTAKE OF INERT GASES 


ot 


In its simplest form the curve for absorption inert gases through the lungs 


xponential form 


t! body at exposure time. 


rhed gas in the body at equil 


tbrium 


over-all rate at which gas is transferred 


difference the body capacity to store as when in equilibrium 
nitration in the atmosphere 


trom the outside air to the 


Henderson and Haggard? express k as follows: 


\\ he re 


nary circulation 
effective rate ot lung ventilation 


oethoent of 


f distribution of the in equilibrium between equal volumes of blood 


In simpler form, the relationship for & may be written & = oe 
where 


the ver-all co 


efficient of transter per unit pressure difference, air to blood, and is made 
separate transter coethicients, L and BA, combined in reciprocal series, thus 


1 1 


LB) 


In this expression for &, Henderson and Haggard assumed that the resistance 
to gas dittusing across the lung walls is negligible. 


It is readily included, however, 
by simply adding another coefficient in the series 


Lhe diffusion coefficient must have the same units as lL and B; that is, liters 


VAS MMM. OF ¢ pressure ditference expressed as concentration ditfer- 


gas/min 
ence, ince. liter. To convert J) into D, the coefficient per millimeter [1g pressure 
difterence, one simply multiplies by 1,000/769, or D 


ABSORPTION LAW FOR CARBON MONONIDI 


Carbon monoxide is an inert gas in that it is absorbed and eliminated from the 
blood without change 


It enters into reversible combination with hemoglobin, how- 
ever, and ts stored only in the blood. These facts are recognized by appropriate 
Haggard, H. W Noxious Gases and the Principles of Respiration 
New York, Reinhold Publishing Corporation, 1943 


i 
haracteris whict 
Haracteristics which are 
wcordance with the hy | 
raat phvsical law 
here to describe the cu 
scribe the curves m such 
vhere 
at 
blood per unit 
vith umit conce 
BI 
- 
Pou 
ey | 
4 \ the 
iid) air 
i tlie body weieht 
- 
BS 
1 1 1 1 
we 
: 


1\¢ 


changes in the equation for & given above. The blood volume, G, should be sub 
stituted for Hf” and the coefficient of distribution, A, is given a meaning different 
trom that for gases entering into simple, physical solution in body fluids. Carbon 
monoxide has low physical solubility in blood plasma, but its physiological “solu- 


bility’ in whole blood is high. Thus, blood that is in equilibrium with 0.1% CO 


in air has 62@ saturation with HbCO or approximately 124 ce. per liter of blood 


Since the atmospheric concentration is 1 cc. per liter, A 124 = 1 124. For 
0.06 CO in air the equilibrium blood content is 9&8 ce. per liter and A YS — 0.6 
lo4. In general, A mav be derived as follows: 


Hbco 


Lai 10 ¢ 
CQO in ar 


200 volume of oxygen per liter of blood at saturation 


The % HbCO at equilibrium is related to the atmospheric CO) concentration as 
follows: 
Hbco Hbhco 
HbO, 
where 
M( = 210) = the relative affinity of hemoglobin for CO compared with Os 
Assuming arterial ©, tension 100 mm., we get 
16 
100 1 + 16¢ 
Substituting this expression in the equation above for A gives 


1A ¢ 


lor different concentrations of CO), A has the following values: 

0.1 124 
0.08 140 
0.06 164 
0.04 195 
0.02 242 
0.01 276 

Since A varies with atmospheric concentration of CO, the exponent, k, also 
varies with C. Consequently, with this gas the time rate of approach to equilibrium 
is slower for low than for high concentrations, whereas with a truly inert gas the 
time required to establish equilibrium is the same for all concentrations. 

When A is large, the reciprocal, 1/BA, is small and has negligible influence 
upon (°, the over-all transfer coefficient. With such gases the rate of uptake is 
largely independent of pulmonary blood flow. The reverse is true for gases of low 
solubility, such as nitrogen, which is taken up and eliminated in direct proportion 


to blood flow and independently of ventilation.’ The value of A calculated for CO 


3. Glasser, O., Editor: New Medical Physics, Vol. 2, Chicago, The Year Book Publishers, 
Inc., 1950 
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wove ts so high as to make the rate of pulmonary circulation 


} 
irdingly, we 


in the manner outlined al 
of no consequence whatever in fixing the rate of CO uptake. 


May write 


U= = kAG 


The curves of CO uptake in the upper part of Chart 1 were fitted to the experi- 


mental data by Forbes and associates! according to the equation 
HbCONn HbCOr 


Rate of uptake Ri pCO) HbCOx HbCO 


where 
equilibrium 
time of exposure 


zero time 
a constant for each breathing rate 


< 
.0007 


Conc +008) 


120 /@0 200 
ExXPoSVRE, 


Pypical CO uptake curves from Chart 1, plotted as exponential equilibrium curves 


Kate of CO Uptake vs. Atmospheric Concentration and Respiration 
Vinute Volume) (G 55 Liters )* 


Sargent and Roughton '-see Chart 1 


The curves therefore follow the simple exponential equation for inert gases given at 
2. Hence, from 


the outset. This is shown by the two typical examples in Chart 
Chart 1, 4 is readily determined for each of the atmospheric concentrations and for 


the several breathing rates over the reported range from 6 to 30 liters per minute. 
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HATCH—CARBON MONOXID TAKE-PULMONARY PERFORMANCE 


In Table 1 are presented the breathing rates required, as determined from the chart, 
to produce 50% of the equilibrium CO blood saturation im different time periods 
and with the various atmospheric concentrations of CO. The corresponding | 
values (/ 0.7 « [1 = tso]) are also given, together with the calculated values 
of U or its equivalent, kAG. The distribution coefficient, A, 1s listed for each CO) 
concentration at the head of the table; G was assumed to be 5.5 liters, the approxi- 
mate value for four of the subjects studied by Forbes and associates. 

The calculated values of U are plotted against corresponding values of Q, the 
minute volume of breathing, in Chart 3. The result is a single curve, as expected 
by the mathematical treatment above. The fact that the multiple graphical rela- 


tionships in Chart 1, involving two families of curves and four variables, is reduced, 


CO Conc. 
= 0.10% 
° 08 


° 
+7 0.06 
a+ 004 
a-0.02 
x 


20 30 
Min. 


Chart 3.—Over-all rate of CO transfer, air to blood, per unit concentration ditference, in rela 
tion to respiratory rate (liters per minute) 


by this means, to a single curve of U vs. Q without loss of useful information 
justifies the mathematical analysis and demonstrates that CO behaves like other 
inert gases in respect to uptake and elimination. As a matter of fact, the relation- 
ships are simpler for CQ than for gases which enter into total body storage with 
varying solubilities in different organs and tissues. For such gases, the equation 
for uptake becomes much more complicated than the single exponential form given 


above.* 


CARBON MONOXIDE UPTAKE IN RELATION TO VENTILATION AND DIFFUSION 


The nonlinear relationship between LU’ and Q means that CO uptake is not 


directly proportional to over-all breathing rate and that, on the contrary, pulmonary 


4. Kety, S. S.: The Theory and Application of the Exchange of Inert Gases at the Lungs 


and Tissues, Pharmaco! 21, 1951. Glasser 
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efficiency im respect to CO) exchange decreases with increase of breathing rate. 
Thus, when = 6 L./min., l 3.75 and = 0.625; when QO = 28 L./min., 
however, 13.3 and 0475. The ratio U/O equals the fractional reten- 
tion of CO) beyond the lungs at the beginning of inhalation when the blood concen- 
tration is zero. ‘The retention values thus obtained from Chart 3 agree well with 
the commonly reported retention of 500 during early periods of exposure. 

Since (7 1s determined by the values of 1 and /), it is evident that the decrease 
in magnitude which ( undergoes in relation to O as the latter increases must result 
from the failure of / or of 2 or of both to increase in proportion to QO. With 
respect to the effective ventilation rate, 1, however, it is commonly assumed that 
the virtual dead space of the respiratory system of a normal subject maintains a 
constant ratio to tidal volume, the relatively fixed anatomical dead space being sup- 
plemented by a varying physiological dead space. sy this reasoning, ./O has a 
constant value which means that no limit to CO uptake is imposed by the effective 
lung ventilation rate over that fixed by the total respiratory minute volume. Hence, 
the decreasing efficiency in CO exchange with increasing Q, under this assumption, 
must be accounted for fully by failure of ) to keep up with QO. 

The concept of a constant ratio of effective ventilation to total minute volume 
rests upon estimates of dead space (DS) calculated from test gas concentrations 
in alveolar samples obtained by the forced-exhalation technique. This method of 
sampling lung air is im question today, and some respiratory physiologists favor 
using the terminal portion of a normal exhalation to represent lung air. The dead 
space calculated from this end-exhalation sample shows little variation with increas- 
ing tidal volume, and the concept of a constant ratio of L/Q for all values of Q 
does not hold. Tf, now, we assume the extreme case in which only a constant 
anatomical dead space is operative in determining 1, then 

L=Q—DS xk RPM 
DS x RPM 

Here one notes that 1 increases faster than does Q, so that, with an assumed 
constant dead space (DS), the rate at which CQ is brought into the lungs must 
increase out of proportion to Q. That is, ventilatory efficiency actually increases 
with exercise. “Thus, to account for the lessened ethciency of CO) exchange at the 
higher breathing rates, and at the same time to offset the increasing value of L 
relative to Q, the diffusion capacity of the lungs must show even less change 
with O 

lor purposes of the present discussion, effective ventilation may be defined as 
the rate at which lung air is replaced with fresh, outside air, that is, L = QO — DS 

RPM. In order to calculate diffusion constants from the Forbes data, however, 
it is necessary to assume certain values. The dead space calculated from the CO 
concentration in forced alveolar samples from two subjects are given as 160 and 

The breathing frequency at rest was 10 respirations per minute (RPM). 


\ssuming a constant anatomical dead space of 150 ce., we have for a resting value 


of 


5.0 — 0.15 x 10 3.5 L./min 


S. Comroe, J. H., Editor: Methods in Medical Research, Vol. 2, Chicago, The Year Book 


Publishers, Inc., 1950 


INDUSTRIAL HYGIENE AN CCUPATIONAL 
3 
: 
4 
q 
— 


H—CARBON MONONIDE UPTAKI 


Breathing frequency, as well as tidal volume, increases with exercise. .\ssum- 
ing, for the Forbes data, that K/?’M increased progressively with Q, as indicated 
in Table 2, the tabulated values of / are obtained. In the fitth column, U, or 
kAG, is given as obtained from the curve in Chart 3. From L and UU, 1) was calcu 
lated and is tabulated in the last column of the table. It is plotted against Q in 
Chart 4, the corresponding D scale being shown on the right. 

Based on the assumption of a constant dead space for all tidal volumes and a 
progressive increase in RPM with QO, we see that /) rises in a regular manner as 
breathing rate increases. .\t rest, D is about 30 cc. mm. Hg, which agrees with 


Taste 2.—Calculation of Diffusion Coefficient from QO vs. U Curve in Chart 3 (Dead Space [DS] 


Assumed Constant 150 cc.; Respirations per Minute [RPAI] Assumed as Shown) 


* From Chart 3 
LXkRAG 


l 


cc mm Ng 


32 


= 
Q 


@: 


‘Ss 2o 
Min Volume, £/ttin. 


Chart 4.—Variation in diffusion constant of normal lungs, calculated trom over-all rate 
CO transter (from Chart 3) and assumed constant dead space tor all values of tidal volume 


reported values obtained from WKrogh’s static method for measuring D and with 
the value which Forbes and associates ' calculated from the estimated blood-lung 
pressure difference. Over the range from rest to hard exercise, however, the dif- 
fusion constant increases only 27%, whereas others have reported as much as 60% 
rise, based upon ditterent methods of determination. In this connection the follow- 
ing calculations are of interest. 

Assume a functional residual alveolar volume of 2,000 cc." and a tidal volume 
of 600 ce. during resting breathing. Then, the average alveolar volume in a respira- 
tory evele will be 2,000 + 600/2 = 2,300 cc. With O equaling 20 L. min. and 
RPM equaling 20, the average alveolar volume will be 2,000 + 1,500/2 = 2,750 ce. 


The average volume has thus increased from resting condition to exercise by 


6. Volume beyond atria. 
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, 


750/2,200 1.20 times. Since volume increases as the cube and area as the 


square of diameter, the ratio of area to volume of a spherical air sac will be as 
17/d* and A./A (1.20) 1.13, or an increase in area of only 13%. There 


will be a proportional decrease in diffusion thickness of alveolar wall and corres- 


ponding drop in resistance per unit area. Hence, the ratio of diffusion constants 
will be /D 


(ASA,) 1.28. This 28% increase in diffusion capacity agrees 
in magnitude with the change in )) shown in Chart 4 when O increases from 6 to 


30 L/min. and suggests that a reasonable basis for the calculations Was assumed. 


CONCLUSIONS 


1. In man the rate of carbon monoxide uptake in relation to pulmonary per 
lormance tollows the simple exponential equation for respiratory exchange of 


mert pases 


2. The rate of uptake varies directly with atmospheric concentration because the 
physiological “solubility” of CO in blood increases with decreasing atmospheric 


concentration of the gas. 


3. The rate of uptake is independent of the pulmonary circulation rate. At 
rest, itis primarily dependent upon lung ventilation. Under hard exercise. the dif- 
fusion area of the lungs does not increase in proportion to the rise in ventilation 
rate. Consequently, the rate of CO uptake is about equally dependent upon ventila- 
tion rate and diffusion capacity. 
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TOXICOLOGY OF ORGANIC PHOSPHORUS-CONTAINING 
INSECTICIDES TO MAMMALS 


KENNETH P. DuBOIS, Ph.D. 
AND 


JULIUS M. COON, 
CHICAGO 


ORGANIC. phosphorus-containing insecticides represent a new group 
of toxicants which has become increasingly important during the past six 
years. These insecticides were first developed by Schrader ' in Germany and were 
introduced into this country in 1946. They are now widely used as agricultural 
insecticides because of their effectiveness against a variety of harmful insects, includ- 
ing some species that are resistant toward dichlorodiphenyltrichloroethane (DDT). 
The high inherent toxicity of the organic phosphates and the lack of substantial 
differences in the toxicity of these compounds for mammals and insects emphasize 
the necessity of obtaining a thorough understanding of the effects which these 
agents may have on man and domestic animals. As a result of research conducted 
during the past few years, it is now possible to detine rather precisely the principal 
actions of this group of compounds on mammals. Progress has also been made in 
the treatment of accidental poisoning during the manufacture and use of these 
materials. Information on the practical aspects of the toxicology of organic phos- 
phorus-containing insecticides with respect to man and domestic animals has recently 
been oresented in publications of the Committee on Pesticides of the American 
Medical Association * and of Bidstrup * and Barnes * in Great Britain, 


MECHANISM OF THE ACUTE TOXIC ACTION OF ORGANIC PHOSPHORUS-CONTAINING 
INSECTICIDES 


Studies on the mechanism of the toxic action of organic phosphorus-containing 
insecticides were initiated by DuBois and Mangun ® in 1947 with an examination 


From the Department of Pharmacology, University of Chicago 

This paper was presented at the Thirteenth Annual Meeting of the American Industrial 
Hygiene Association, Cincinnati, April 24, 1952 

The experimental work described in this paper was supported in part by a research grant 
from the National Institutes of Health, United States Public Health Service 

The organic phosphates employed for this study were supplied by the Geary Chemical 
Corporation, New York, and by the Victor Chemical Works, Chicago Heights, Ill 

1. Schrader, G.: Die Entwicklung neuer Insektizide auf Grundlage organischer Fluor- und 
Phosphor-Verbindungen, Angerv. chem. 62:471, 1950 

2. Pharmacology and Toxicology of Certain Organic Phosphorus Insecticides, Report of the 
Committee on Pesticides of the American Medical Association, J. A. M. A. 144:104, 1950. 
3. Bidstrup, P. L.: Poisoning by Organic Phosphorus Insecticides, Brit. M. J. 22548, 1950. 

4. Barres, J. M.: Health Hazards from Insecticides, Brit. M. Bull. 7:23, 1950 

5. DuBois, K. P., and Mangun, G. H.: Effect of Hexaethyl Tetraphosphate on Cholinesterase 
in Vitro and in Vivo, Proc. Soc. Exper. Biol. & Med. 64:137, 1947 
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(HETP) in experimental 
vl tetraphosphate produces symptoms resem 
he parasympathetic nervous svs 


] 


ind the central nervous svstem. Salivation, lacrimation, 


cular twitching and tibrillation, tonic and tonic-clonic convulsions were 
hese etfects are typical of the actions of cholinergic drugs, and it was 
suspected © that this compound produced its pharmacologic effects by 
the normal enzymatic hydrolysis of acetylcholine. Measurements of its 
ise showed? that it) produces 30% inhibition of brain 

t final concentration of 1.6 10° Moin vitro and is highly etfec 


md winticholinesterase 


Intraperitoneal L.D.50 Molar Concentration 
Compound Structural Formula for Mice, for 5073 Inhibition 
Mg. /Kq. of Cholinesterase 
in Vitro 


Tetramethy! 1.8x 108 
pyrophosphate 


Tetroethy! 


pyrophosphate CoH 50 0 0 OC>H. 


CH,0 


8.0 x 1079 
9 OCH, 


Dimethy! diethyl 


pyrophosphate 


Dimethy! 41-1 sopropyl CH,0 OCH(CH ,), 


CH,09 9 OCH(CH,), 


pyrophosphate 


Tetra:sopropy! (CH3)2CHO P-O p’OCH(CH 
pyrophosphate 
3 


(CH,).CHO 9 OCH(CH,). 


lolinesterase agent in vivo. In all cases thus far organic phosphates 
wtivity either have the inherent ability to inhibit cholinesterase or 


by plants, animals, or insects into active anticholinesterase 


ive 

resent time there are three principal groups of organic insecticides 
phosphorus, namely, the alkyl pyrophosphates, the alkyl thiophosphates, 
sphoranndes. The individual members of each group exhibit similarities 
armacologie actions while the three classes of compounds vary with 


h tactors as the duration of action and the tissue distribution. 


ALKYL PYROPELOSPILATES 


Petraethyl pyrophosphate (TEPP) 1s the most important member of the alkv] 


pyrophosphate series of compounds. Investigations in our laboratory © demon 
6 Mangun, G. H., and DuBo P.: Toxicity and Mechanism of Action of Tetraethy, 


Pyrophosphate, Fed. Pr 


the t ind actions of hexaethyl 
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2.5 2.0 « 10 
| 
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62353, 1947 


strated that this compound is highly toxic to mammals, produces typical cholinergic 
effects, and exerts a potent inhibitory action on cholinesterase in vitro and in vivo 
In consequence of studies on tetraethyl pyrophosphate we became interested in 
examiming other alkyl pyrophosphates to observe relationship between chemical 
structure and biologic activity. For this comparison anticholinesterase activity was 
measured in vitro, and toxicity tests were performed on mice. The results of this 
study are summarized in Table 1. These and other experiments have demonstrated 
that the various alkyl pyrophosphates exhibit similar cholinergic properties. The 
particular alkyl group determines the potency of a compound, with the activity 


generally decreasing as the size of the alkyl group is increased 


Taste 2.—Toxicity and Anticholinesterase Action of Alkyl Thiophosphates 
Molar Concentration 
Intraperitoneal L.D.50 for 50°: inhibition 
Compound Synonym for Rats, 
Mg. ‘Kg in Vitro 
p-Nitropheny! diethy! 
thionophosphote Parathion 5.5 1.2 x 10°6 
p-Nitrophenyl dimethyl j 
thionophosphate Metacide ® 1x 104 
Diethoxy ester of ’ 
Potasan®, 838 15.0 5 x 10°9 
Diethoxy thiophosphoric 
acid ester of 2-ethyl- 7 
mercaptoethanol Systox ® 3.0 5 «10 
(technica') 
S-(1, 2-dicarbethoxyethyl) 
0, 0-dimethy! dithiophosphate Malathon® 4049 | 750.0 1x 
(90% technical) 


ALKYL THIOPHOSPHATES 


Phe extensive use of parathion as an agricultural insecticide has necessitated 
thorough toxicological studies on this compound. The effectiveness of parathion 
as an insecticide has stimulated interest in the development of other thiophosphates 
in an etfort to obtain agents which are less toxic to mammals but which retain high 
insecticidal activity. This etfort has resulted in the introduction of several new 
thiophosphates. The various members of this group resemble one another in several 
respects. Thus, they all inhibit the activity of cholinesterase in vitro, and they gain 
access to and inhibit the cholinesterase activity of both the brain and the peripheral 
tissues. Individual members of the group differ principally with respect to the 
dosage required to produce cholinergic effects. The data in Table 2 show the 
ditferences in toxicity and anticholinesterase action of several of the alkyl thio 
phosphates. 

Mammalian toxicity data alone might give the impression that some of the 
newer thiophosphates are preferable as insecticides because of their lower inherent 
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toxicity. However, this difference loses some of its apparent significance when one 
considers that those materials which have a low toxicity for mammals generally 
exhibit also a lower toxicity for insects, thus requiring the use of higher concentra- 
tions of the insecticidal agent in the formulations used for insect control. The ideal 
compound, therefore, is one which has a high toxicity for insects and low mammalian 
TOXICITY 


PHOSPHORAMIDES 


Phe phosphoramides constitute the most recent addition to the expanding num- 


ber of organic phosphorus-containing insecticides, Octamethyl pyrophosphoramide 


Parte 3.—Comparison of the Toxicity and Anticholinesterase Action of 


Various Amidophosphates 


Compound Structural Formula for Rats, or 50% Inhibition 
Mg. /Kg. of Cholinesterase 
in Vitro 


Ethyl di(dimethy!- | 
amido) phosphate : >I « 10°2 


Bis (dimethylamido) 
fluorophosphate 


Octamethy! pyro- 


phosphoramde 
(CH4)2N'9 N(CH3)2 


Diethy! di(dimethy!- (CH3)2N, N(CH) 2 
amido) pyrophosphate 
(symmetrical) 0 0 


Diethyl! di(dimethyl- N(CH.) 
2 

amido) pyrophosphate 0 P. 
(unsymmetrical) C,H.9 0 O N(CH.) 


(COMPA) is the only one of this group which has thus far been released for use. 
it is not used on food crops, however, because of the danger of food contann 
nation. Studies in our laboratory * revealed that it exhibits pharmacologic effects 
which are unusual among the organic phosphates. It exhibits no appreciable anti 
cholinesterase action in vitro but is converted by the mammalian liver and by plants 
into a strong cholinesterase inhibitor. .\ further differentiating feature is its 
inability to gain access to the brain in vivo, its cholinergic action being therefore 
limited to peripheral tissues. In addition, octamethyl pyrophosphoramide is stable 
in aqueous solutions in contrast to the alkyl pyrophosphates and alkyl thiophosphates, 
which undergo rapid hydrolysis in the presence of moisture. These unusual proper- 
ties appeared to be due to the presence of nitrogen-phosphorus linkages in the mole- 

7. DuBois, K. P.; Doull, J., and Coon, J. M.: Studies on the Toxicity and Pharmacological 


Action of Octamethy! Pyrophosphoramide (OMPA; Pestox III), J. Pharmacol. & Fxper 
Therap. 99:376. 1950 


12 
re 
d 
- 
on 
v2™0 
\\ 
| 
. 
27 2.8 10°7 
2 
af 
4 
= 


DuBOIS-COON—PHOSPHORUS-CONTAINING INSECTICIDES 13 


cule in place of alkoxy-phosphate linkages. To test this possibility we have studied * 
several compounds containing the amidophosphate linkage. The data presented in 
Table 3 give a comparison of the toxicity and the in vitro anticholinesterase activity 
of several amidophosphates. 

The results of studies on several amidophosphates showed that members of this 
class of organic phosphates are similar with respect to their stability in aqueous 
solutions, selective action on peripheral tissues, and relatively long duration of 
action. The active amidophosphates which contain alkoxy-phosphate linkages do not 
require hepatic conversion to become anticholinesterase agents. These investigations 
have shown that the presence of the nitrogen-phosphorus linkage imparts charac- 
teristic pharmacological properties to cholinergic organic phosphates. 


SUMMARY 

The organic phosphorus-containing insecticides may be classified into three 
groups, namely, the alkyl pyrophosphates, the alkyl thiophosphates, and the phos- 
phoramides. All of the members of these groups which are in wide current use as 
insecticides are highly toxic to insects and mammals. In the development of com- 
pounds with high insecticidal activity and low mammalian toxicity the most promis- 
ing results thus far have been obtained in the thiophosphate series. All of the 
organic phosphorus-containing insecticides appear to owe their principal pharmaco- 
logical actions to their ability to inhibit cholinesterase, thus increasing the acetyl- 
choline content of the tissues with resultant intensified activity of structures which 
are normally stimulated by acetylcholine. 

The pyrophosphates and the alkyl thiophosphates are active inhibitors oi cho- 
linesterase in vitro and inhibit the enzyme activity of mammalian and insect tissues 
in vivo. Individual members of each group exhibit similar pharmacological actions 
but show variations in the dosage required to elicit toxic manifestations. 

The phosphoramides ditfer from the other groups of phosphorus-containing 
insecticides in exerting their effects mainly on peripheral tissues. In addition they 
are stable toward hydrolysis and have a long duration of action. 


8. DuBois, K. P., and Doull, J.: Cholinergic Action of Alkyl Phosphoramides, Federation 
Proc. 9: 268, 1950. DuBois, K. P., and Cochran, K. W-.: Inhibition of Cholinesterase by Dimeth- 
ylamino Fluorophosphate, ibid. 10:292, 1951. 
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POLAROGRAPHIC PROCEDURE FOR URINARY THALLIUM 


GRANT S. WINN, Ph.D. 
EDNA L. GODFREY 
AND 
K. W. NELSON, B.Ed. 
SALT LAKE CITY 


\ THIEN the production of thallium was contemplated by our company, it 
/ was apparent that suitable precautions would be necessary in order to prevent 
the possibility of excessive absorption of this metal. Consequently, well-engineered 
exhaust ventilation was incorporated as one of the construction features of the 
plant. ‘The workers were supplied with and required to wear such protective 
clothing as rubber gloves, aprons, and boots when solutions or damp solids were 
handled. Respirators were worn if there was any possibility of dust or mist. 

Surveys were made to establish that concentrations of thallium in workroom 
atmospheres were within a safe limit. 

Besides all this, it was deemed advisable to evaluate periodically each worker's 
exposure, Our rather extensive experience with urinary lead determinations as 


a means of evaluating this hazard led us to believe that measurements of urinary 


thallium would be the method of preference. Unfortunately, no limiting concen- 
trations of thallium im urine have been established, below which workers will 
remain free of symptoms. Thus it became necessary to detect any small but 
significant increases in concentration in order that the causes of increased absorp- 
tron might be discovered and corrected. Furthermore, the quantity of urine 
available for these analyses was limited, since it was not practicable to collect 12- 
or 24-hour specimens of urine but only spot samples (100-200 ml.). For these 
reasons it Was tnperative that the method of analysis selected should be capable 
of determining very low quantities of the metal (0-10 y). 

\ survey of the literature revealed that most methods are suitable only for 
quantities of thallium in excess of 50 y. This is particularly true of the gravimetric 
procedures which require milligram quantities.'. Volumetric colorimetric 


the Hygiene Department, American Smelting and Refining Company 

|. H.: Uber die Léslichkeit des Thalliumjodurs und die Bestimmung des Thalliums, 
anal. Chem. 30:342, 1891.) Browning, P. E., and Hutchins, G. P.: On the Estimation of 
the Chromate, Am. J. Se. 8:4600, 1899. Werther, G.: Quantitative Bestimmung des 
Ztschr. anal. Chem. 3:1, 1864. Browning, P. E., and Palmer, H. E.: Volumetrische 
vravimetrische Bestimmung von Thallium in alkalischer Losung durch Ferricvankalium, 

hr. anorg. Chem. 62:218, 1909; Am. J. Sc. 27:380, 1909. Mach, F., and Lapper, W 
Uber die Bestimmung des Thalliums in Mausegiftpraparaten, Ztschr. anal. Chem. 68:41, 1926, 
Moser, Lo, and Bruhl, Av: Die Bestimmung des Thalliums als Thallium (1) Chromat und seine 
Trennung von anderen Elementen, Monatschr. Chemie 47:709, 1926. Browning, P. E.:  Esti- 
mation of Thallium After Oxidation with Bromine, Indust. & Engin. Chem., Anal. Ed. 4:417, 
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methods are, in general, more sensitive, but even with these the applications to 
urinalysis have heen few. 

In the method of Ackerman,’ thallium is isolated by extracting thallic chloride 
from an acid solution with ether. lodine released from potassium iodide by this 
thallic ion produces a blue color with starch which is measured photometrically. In 
attempts to use this procedure, difficulties were experienced in preparing the sample 
for analysis, and erratic results were obtained for quantities of thallium below 
50 y. 

Haddock’s * procedure for isolating the thallium from citrate-cvanide solution 
with dithizone has the disadvantage that lead is co-extracted and the thallium 
incompletely extracted. .\ study of Wagner's * modification of this procedure, 
involving titration of the thallium with standard dithizone, led to the conclusion 
that part of the thallic ion oxidized the dithizone, causing a yellow color. At the 
same time the thallous ion so produced is no longer extractable with dithizone and 
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Fig. 1.—Polarograms of lead and thallium in 0.2-N ammonium acetate: (1) 5y of lead pet 
milliliter; (2) 5% of lead plus 5% of thallium per milliliter 


is therefore lost. This same phenomenon undoubtedly occurs during the extraction 
in Haddock’s method. 

By using the information that thallic ion can be quantitatively extracted from acid 
solution with dithizone in chloroform, it was possible to separate thallium from lead. 
Such a separation is necessary for polarographic analysis because lead and thallium 
have identical half-wave potentials in the commonly employed supporting electro- 
Ivtes. This is illustrated by the polarographic curves in Figure 1. Curve 1 is that 
obtained from a 0.2-M ammonium acetate solution containing 5 


of lead per milli- 


liter. Curve 2 was obtained from an ammonium acetate solution contaiming 5 y of 


2. Ackerman, H. H.: The Determination of Thallium in Urine, J. Indust. Hyg. Toxicol. 
30:4K), 1948 

3. Haddock, L. A.: Determination of Traces of Thallium in the Presence of Other Metals, 
Analyst 60:394, 1935 

4. Wagner, W. J.: Research Department, American Smelting and Refining Company, 
Barber, New Jersey.: Personal communication to the authors. 
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lead and 5 y of thallium per milliliter. These curves also emphasize the fact that any 
lead ‘contamination of the sample after the dithizone extraction will be measured 
as thallium on the polarograph. 


REAGENTS 


1. Phenol: 5% chemically pure phenol in water. 
2. Bromine water: distilled water saturated with chemically pure bromine. 

3. Dithizone reagent: 50 mg./L. of diphenylthiocarbazone (Eastman) in chemically pure 
chlorotorm 

4. Digestion mixture: Add slowly, with stirring, 80 ml. of chemically pure concentrated 
sulfuric acid to 400 ml. of concentrated chemically pure nitric acid. To this mixture add 
40 ml. of 72% perchloric acid 

5. Magnesium sulfate: 10 mg./ml. chemically pure magnesium sulfate in water. This adds 
bulk to the ashed sample, ensuring complete solution in the ammonium acetate. 

6 HCI: chemically pure reagent diluted with an equal quantity of water. 

7. Ammonium acetate: Dissolve 15.4 gm. of chemically pure ammonium acetate in water, 
add 2 ml. of 1% methylene blue and make to 1 liter. 


PROCEDURE 

Add 25 ml. of Reagent 4 to 100 ml. of urine in a 250-ml. beaker (a few crystals of carbo- 
rundum [grit No. 36] serve as an excellent anti-bump). Cover with a watch glass and evaporate 
to fumes of perchloric acid. Remove the watch glass and continue the evaporation to remove as 
much sulfuric acid as possible without causing solids to separate and thus result in spattering. 
(Occasionally, it is necessary to cool the mixture and add more nitric acid in order to completely 
oxidize the organic matter present.) Cool the sample, add about 25 ml. of lead-free water and 
warm on the hot plate to dissolve the residue, then transfer quantitatively to a 250-ml. Squibb 
separatory funnel with an additional 50 to 75 ml. of lead-free water. Add Reagent 2 until the 
solution is distinetly colored (usually 2 to 3 drops) and shake vigorously. Add three drops of 
Reagent 1 and mix by brief shaking. The solution should be decolorized completely, as the 
excess bromine combines with the phenol; this is checked by noting the odor of phenol in the 
funnel. Precautions must be taken to avoid getting saturated bromine water on the ground-glass 
surface of the funnel stopper and neck where it might escape reaction with phenol. It. is 
important to extract the thallium with dithizone as soon as possible after decolorizing with 
phenol, because the metal reverts to the thallous state upon standing. For this reason it is 
advisable at this point to treat one sample at a time until the thallium has been extracted with 
dithizone. Add 4 drops 6-N HCl and again mix. Finally, shake 100 times with 10 ml. of 
Reagent 3, draining the chloroform layer into a 50-ml. beaker. Rinse the aqueous phase with 
S ml. of chemically pure chloroform, adding this to the same beaker. To the chloroform solution 
add S ml. of Reagent 4 and 1 ml. of Reagent 5, cover and remove the chloroform by evaporation 
on a water bath so regulated as to prevent active boiling. Transfer the beaker to a hot plate and 
evaporate to copious fumes. At this point tilt the watch glass so as to drain the suspended 
drop of liquid down the side of the beaker. Repeat this operation until no yellow color and 
no spattering results in the solution, thus indicating that all the perchloric acid has been destroyed. 
Then remove the watch glass, evaporate to dryness, and heat the beaker 10 minutes at 400 C. in 
a muffle furnace to remove traces of sulfuric acid. Cool, add exactly 2.5 ml. of Reagent 7, swirl 
(warm very slightly if necessary to effect solution), and polarograph 


Phe Sargent-Hevrovsky polarograph, Model XII (Fig. 2), has been found 
most satisfactory for this determination. A tank of commercial hydrogen is used as 
the source of gas for removing oxygen from the sample. This gas is untreated 
except for passing it through a fritted-glass bubbling tower containing distilled 
water in order to prevent evaporation of the sample solution. Details of the 
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polarographic cell * used are shown in Figure 3. The fritted-glass dise (Fig. 3.1) 
must be flush with the inner wall of the cell and below the shoulder. This ensures 
rapid de-oxygenation by forcing a stream of very fine bubbles of hydrogen through 
the body of the solution. With this arrangement, three minutes of gassing is easily 
sufficient to remove any dissolved oxygen. After the desired measurements are 


made, the sample is discarded through the stopcock, and the cell is rinsed 


Fig. 2.—Sargent-Heyrovsky Model XII polarograph and cell used for analyses. 
thoroughly with redistilled water and then dried with a cotton swab. The next 
sample is then added to the cell, is gassed for two or three minutes, and is ready 
for measurement. 

5. To the best of our knowledge, the concept of using a fritted-glass disc for gassing 
solutions in polarographic cells originated with Perry B. Stout at the University of California. 
The cell in its present form was developed by Dr. M. D. Thomas and associates, Department 


of Agricultural Research, American Smelting and Refining Company, Salt Lake City. 
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In ammonium acetate, both thallium and lead are discharged at about —O.8 volt 
versus the mercurous sulfate-mereury hali-cell shown in Figure 3. The ratio 
mm. wave height/y thallium is higher for the thallium in KCI (1 N) and HCl 
(1 Nj) than in ammonium acetate. However, the waves in these two solvents are 
much Jess well detined: thus ammonium acetate was chosen as the most suitable 
supporting electrolyte. No extensive investigation has been made to determine 
diffusion current constants of thallium in ammonium acetate under various condi- 
tions. Llowever, for a 0.071-millimolar solution of thallium in 0.2-N ammonium 


acetate containing 0.00047 methylene blue as a maxima suppressor, the diffusions 
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current (1)) has been found to be 0.245 microampere under the following capillary 


conditions 


Mass of mereury (im) 1.89 mg./see. 
Drop time (t) = 3.70 sec./drop 
Temperature = 23 


Thus the expression derived trom the Hkovie equation" has the value 


0.129 for this solution. 

Since thallic ion readily reverts to the thallous state, it is presumed that sample 
treatment subsequent to dithizone extraction results in complete conversion, so 
that monovalent thallium is reduced at the dropping mercury electrode. We have 
found no evidence to indicate the presence of trivalent thallium in solutions prepared 


for the polarographic cell. 


6. Kolthoff, 1. M.. and Lingane, J. J.: Polarography, New York, Interscience Publishers, 
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The quantity of thallium recovered is determined from the wave height by 
reading directly from a standard curve (Fig. 4+). This curve was prepared from 
data obtained by adding known quantities of thallium to urine, carrving the samples 
through the entire procedure, and plotting wave heights against thallium concen- 
trations. 


40' 
€ 30: 
J 
> 
€ J 
20; x 
= 
2 
a 
10; 
10 20 30 40 50 60 
WAVE HEIGHT (mm) 
Fig. 4—Calibration curve. The points represent the micrograms of thallium recovered 


when quantities ranging from 1 to 60 ¥ were added to 100 ml. of urine 


SUMMARY 

Urine specimens are digested with a sulfuric-perchloric-nitric acid mixture. The 
residues are transferred to separatory funnels, and the thallium is oxidized with 
bromine water. The resulting thallic ion is extracted, in acid solution, with 
dithizone in chloroform. Lead remains in the aqueous phase. The chloroform 
solutions are evaporated and digested with the sulfuric-perchloric-nitric acid 
mixture, the remaining sulfuric acid being removed in a muffle furnace. The 
resulting residues are taken up in ammonium acetate solution and polarographed. 
When compared with a standard curve the wave heights so obtained indicate the 
quantities of thallium present. The standard curve is prepared by adding known 
quantities of thallium to urine, analyzing in the described manner, and plotting 
wave heights against thallium concentrations. 
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TOXICITY OF NO, VAPORS AT VERY LOW LEVELS 


A Preliminary Report 


EDWARD LeB. GRAY, Ph.D. 
ARMY CHEMICAL CENTER, M.D. 


MAJOR JAMES K. MacNAMEE 
VETERINARY CORPS, UNITED STATES ARMY 
AND 
STANLEY B. GOLDBERG, B.A. 
ARMY CHEMICAL CENTER, MD. 


Hk OPINIONS of various workers differ greatly as to the toxic levels ot 

NOs vapors, particularly for chronic exposure at low levels. Patty’ stated 
that men under his observation for a period of 18 months who were exposed to 
NQs at an average level of 10 to 20 ppm and an extreme range of from 5 to 30 ppm 
(0,01 to 0.06 mg. per liter) for six to eight hours a day sutfered no ill etfects. On 
the other hand, Vigdortschik and co-workers * claimed that men exposed to levels 
which rarely exceeded 0.005 mg. per liter for a period of from three to five years 
exhibited detinite symptoms, among which were tooth erosion, emphysema, polycy- 
themia, and bradyeardia. 


There is also great divergence of values for the maximum allowable concentra- 
tion.’ While this is often put at 40 ppm,‘ the value set by the American Standards 


\ssociation and others is 25 ppm.’ Bowditch, and associates ° gave 10 ppm, which 


1. Industrial Hygiene and Toxicology, edited by F. A. Patty, New York, Interscience 
Publishers, Inc., 1949, Vol p 609. 


2. Vigdortschik, N. A.; Andreeva, E. C.; Matusswitch, I. Z.; Nikulina, M. M.; Frumina, 
L.. M., and Striter, V. A.: The Symptomatology of Chronic Poisoning with Oxides of Nitrogen, 
J. Indust. Hyg. & Toxicol. 19:469, 1937. 


3. A generally accepted definition is the average maximum concentration to which a worker 


can be exposed for eight hours daily over an indefinite period without incurring injury or 
occupational disease 


4. Elkins, H. B.: Chemistry of Industrial Toxicology, New York, John Wiley & Sons, 
Inc., 1950, p. 234. Beatty, R. L.; Berger, L. B., and Schrenk, H. H.: The Determination 
of the Oxides of Nitrogen by the Phenoldisulfonic Acid Method, R. I. 3687, U. S. Depart- 
ment of the Interior, Bureau of Mines, 1943 

5. Allowable Concentration of Oxides of Nitrogen, New York, American Standards Asso- 
ciation, 1944. Cook, W. A.: Maximum Allowable Concentrations of Industrial Atmospheric 
Contaminants, Indust. Med. 14:936, 1945. Report of the Committee on Threshold Limits, Ameri- 
can Conference of Governmental Industrial Hygienists, April, 1948 


6. Bowditch, M.; Drinker, C. K.; Drinker, P. R.; Haggard, H. H., and Hamilton, A.: 
Code for Safe Concentrations of Certain Common Toxic Substances Used in Industry, J. 
Indust. Hyg. & Toxicol. 22:251, 1940. 
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is also the legal figure in Massachusetts,’ and Elkins * suggested that it might be 
set at 5 ppm or even lower. 

During the course of an investigation of the toxicity of the oxides of nitrogen, 
groups of rats were exposed for four hours a day tive days a week to the vapors of 
red fuming nitric acid, the NO, content of which was 9 to 14 ppm. The length of 
exposure was different for different groups, running from a total of 40 hours to 
to one of 96 hours. Four groups, 10 rats per group, were used. Eight and 12 ppm 
were the levels sought. The actual levels, determined by the method of Patty and 
and Petty,” together with the range and the standard deviation, are given in the 
accompanying table. 

Those animals that were examined shortly after the period of exposure exhibited 
an inflammatory condition throughout the entire respiratory tract. However, the 
upper portion of the tract was more severely affected, there being evidence of severe 
rhinitis and tracheitis, with less severe pneumonitis. In a few of the animals pneu- 


monia had developed, involving the entire lobe of the lung, which was undergoing 


Short-Term-Inhalation Toxicity to Rats of Red Fuming Nitric Acid 


Total Exposure 


at4 Hr. per Day Concentration as NOz 
Total Total Average, Range, Standard 
Chamber Animals Hours Days PpM PpM Deviation Histological Effects 
1 1 0 10 9.3 6.3-12.8 = 24 Pulmonary changes: 
2 10 12.3 7.5-17.7 +32 emphysema and 
10 4 10.1 41.9-18.6 + 3.6 pheumonitis in 
4 10 O68 4 14.3 4.9-26.9 + 5.9 all groups 


a stage of consolidation. In many of the animals killed eight or more weeks after 
exposure the inflammatory process had subsided, but there were localized areas of 
emphysema in all lobes of the lung. With the exception of moderate congestion, 
liver, spleen, kidney, and brain showed no pathological changes. The changes 
observed in these animals did not develop in accordance with the length of exposure, 
there being no difference between rats exposed for 40 hours and those exposed for a 
longer period. 

There is always risk involved in translating experiments on animals to conditions 
encountered by humans. We wish merely to draw attention to the fact that amounts 
of NOs over 8 ppm do produce damage in rats and may cause injury to man. In 
our opinion, a maximum allowable concentration of 25 ppm or more is too high. 

7. Maximum Allowable Concentrations, Department of Labor and Industry, Massachusetts 
Division of Occupational Hygiene, Boston, 1947. 

8. Elkins, H. B.: Nitrogen Dioxide—Rate of Oxidation of Nitric Oxide and Its Bearing 
on the Nitrogen Dioxide Content of Electric Are Fumes, J. Indust. Hyg. & Toxicol. 28:37, 
1946. 

9. Patty, F. A., and Petty, G. M.: Nitrite Field Method for the Determination of Oxides 
of Nitrogen, J. Indust. Hyg. & Toxicol. 25:361, 1943 
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ACUTE HEMORRHAGIC CYSTITIS FROM INHALATION OF A 
PAINT REMOVER 


GEORGE MORRIS, M.D. 
BOSTON 


AIN'T removers are mixtures of organic solvents 


They usually contain two 
or more of the followmg chenneals: benzol, xylene, toluol, aniline, methyl alcohol, 


methyl ethyl ketone, methylene chloride, naphtha, and a small amount of paraffin 
wax. Numerous reports of the toxie nature of the chemicals found in paint removers 
ire im the literature, but no report of urinary bladder irritation 


Benzol is the most harmful ingredient in paint removers and causes depression 
of the red-blood-cell-forming elements with anemia, leukopenia, aplastic anemia, 
and even. death 


Since urinary bladder conditions have not been reported from use of paint 


removers prior to this, the following report of a case is of interest: 


Che patient, one well versed in industrial toxicology, selected a paint remover from a hard 


vare store shelf because it was manufactured by a firm of international scope and because there 
» benzol label on the container as required in Massachusetts. It wa 


s believed that such 
1 company would surelv label anv 


product containing benzol which was to be sold in this 
Approximately 3 oz. (! c.) of this paint remover was used on a wall area in a 


room ot 
approximately 1,500 cu. ft. (42.5 cu. m.) 


The room had three small windows, which were open 
tor the purpose of ventilation. The remover was painted onto the surface with a brush and 
removed with a cloth 


Immediately atter this exposure the patient consumed about 90 ce. of rye whiskey (neat). 
Four hours later he noted urinary urgency, with the passage of only a few cubic centimeters 


hazy urine. In 16 hours this was followed by suprapubic 


pain and discomfort, which 
persisted tor 96 hours 


Urine examination on the second, third, and fourth days showed 4 to 10 


red blood cells per high-power field but no albumin or casts and no white blood cells. The 


suprapulne pain and discomfort and the dysuria gradually diminished as did the number of red 
blood cells in the urine. No formed elements could be found in the urine one week after the 
exposure 


Chemical analysis of the paint remover showed it to contain 70% benzol and 30% 


methyl 
tleohol 


1 MeConnell, W. Jo: Volatile Solvents as a Problem in Industrial Medicine, J. A. M. A 


62-708, 1937. Lehrmann, K. B., and Flury, F.: Toxicology and Hygiene of Industrial 
Solvents, Baltumore, Willams & Wilkins Company, 1943. von Ottingen, W. F.: Toxie Gases 
rs: Their Hazards and Their Control, Indust. Med. 4:245-253, 1935. A Guide to the 
ot Occupational Diseases, compiled jointly by the Staffs of the Industrial Health 
Department of National Health and Welfare, and the Division 

Health tor Ontario, Ottawa, The King’s Printer, 1949 
H. B The Chemistry of Industrial Toxicology, New York, John Wiley & 

lon, Chapman & Hall, Ltd., 1950 
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VORRIS— IS FROM INH REMO 
It is pri bable that the diuresis etfected by the undiluted whiskey, ingested after 
the exposure, caused rapid excretion of the benzol and methanol without demon 
strable renal damage but with severe irritation of the urinary bladder. 
Such an excretory concentration of benzol and methanol in the bladder is com- 
parable to that described by Farrier and Smith.! In their paper entitled “Carbon 


Tetrachloride Nephrosis” they state that “the ingestion of alcohol proximal to the 


period of exposure to carbon tetrachloride greatly increases the hazard of the 


development of acute poisoning (renal), lessens the outlook for recovery and reduces 


the chances of obtaining an accurate history.” 
Their cases of renal irritation and this case of urinary bladder irritation probably 
are related. The site of irritation differed either because of the relative time of inges- 
tion of the whiskey, i. ¢., before or after exposure to the solvent, or because of the 
amount of water or other liquid ingested with the whiskey. 
SUMMARY 
\ paint remover was used that contained 70% benzol and 30% methanol. 
Rapid excretion of the inhaled chemicals was etfected by a diuretic action of whiskey 
acting on the kidney. The concentration of the benzol and alcohol in the urinary 
bladder caused an acute hemorrhagic condition known as acute hemorrhagic cystitis. 
This syndrome has not been previously reported as a cause of cystitis. 
\ve. 
Frequently Undiag- 


Farrier, R. M., and Smith, R. H.: Carbon Tetrachloride Nephrosis 


\. M. A. 143:965-967, 


520 Commonwealth 


1950 


4. 


nosed Cause of Death, J 


~ 4 
: 
ba 
: 
\ 
| 
E 


COPROPORPHYRIN IIl TEST AS A MEASURE OF LEAD DAMAGE 


Il. Considering Lead Dusts of Relatively Large Particle Size 


GORDON C. HARROLD, Ph.D. 
STUART F. MEEK, M.D. 
AND 


DAVID A. PADDEN, M.S. 
DETROIT 


FIRST report,! in 1948, on the role of urinary porphyrins in lead poisoning 
summarized information available to us at that time concerning some 66 
exposed lead workers on whom we had both lead and urine values and urinary por- 
phyrin values. The results reported did not, at that time, warrant the conclusion 
that the urinary porphyrin test, under the conditions known to us then, would pro- 
vide the ideal screening test to indicate lead damage in lead-exposed workers. 
Further investigation in the past two years, both by ourselves and others * has 
indicated that a modified urinary porphyrin test is not only extremely valuable 
hut is probably the one outstandingly reliable means of demonstrating the presence 


' the amount of 


of lead damage in the animal organism. As we emphasized before 
lead excreted in the urine per liter or per day is just that and no more; even though 
it be much higher than the upper limit of normal, it merely indicates abnormal lead 
absorption unless other findings in a given case enable one to make a clinical diag- 
nosis of lead poisoning. We believe this to be equally true as regards blood lead in 
that the transportation of lead need not, in itself, be harmful. 

The attempts to correlate lead in urine or lead in blood with the appearance of 
abnormal amounts of coproporphyrin [IL in urine are meritorious in that they 


provide one basis for the evaluation of a new tool. Again we wish to emphasize 


that these are but laboratory tools and are not a complete substitute for the phy- 
sician’s complete evaluation of whether or not the individual organism is damaged. 

Since it was felt that there had been misinterpretation of our conclusions in 
our first report, we were led to reexamine the conditions surrounding the taking of 
samples and the making of tests on the urines involved in that report. It should 
he pointed out that when we said that our preliminary report did not reveal an 


From the Industrial Health, Hygiene, and Safety Service. 

Presented at the Twelfth Annual Meeting of the American Industrial Hygiene Association, 
Atlantic City, N. J., April 25, 1951. 

1. Meek, S. F.; Mooney, T., and Harrold, G. C.: Urinary Porphyrins in Lead Poisoning, 
Indust. Med. 17:12, 469-471 (Dec.) 1948 

2. (a) Maloof, C. ¢ Role of Porphyrins in Occupational Diseases: Significance of 
Coproporphyrinuria in Lead Workers, Arch. Indust. Hyg. 1:296 (March) 1950. (b) Johnson, 
W. S., and Whitman, N. E.: Coproporphyrinuria as an Index of Lead Absorption, ibid. 2:170 
(Aug.) 1950. (¢) Waldman, R. K., and Seideman, R. M.: Reliability of the Urinary Porphyrin 
Test for Lead Absorption, ibid. 1:290 (March) 1950 
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excellent screening test for lead damage to the animal organism, we meant to imply 
only that the data in that report did not indicate that the test would be a panacea. 
Our belief was, and it was so stated, that this could be the test we had long awaited 
which would readily and accurately reflect the real damage to the human organism 
from lead poisoning but that numerous conditions would have to be determined 
before valid interpretations of the data obtained could be presented. 

We wish to make a report on 315 cases studied in the past two years in which 
urinary porphyrin levels, lead-in-urine values, and other data are presented in 
connection with certain aspects of the problem. 

We have as one objective the questioning of the validity of attempting to make 
a rapid semiquantitative screening test for damage from lead poisoning into an 
uncertain quantitative measure of amounts of coproporphyrin III in urine, which, 
as related to a practical lead test for damage, can have little value over the rapid 
semiquantitative method. Recent articles *” have supported this tendency toward 
more exact quantitative data, which we believe is somewhat confusing and needs 
clarification. The issue is between correlating lead-in-urine values with the appear 
ance of coproporphyrin II] and correlating these values with the appearance of 
abnormal amounts of coproporphyrin IIL as a measure of lead damage to the 
organism. Actually, the fluorescence phenomena showing coproporphyrin IIL is in 
itself a very sensitive indicator of damage to the organism. The appearance of lead 
in either urine or blood is more properly an indication of the absorption, transport, 
and removal of lead within the organism. Determinations of lead in urine or blood, 
while valuable as tools in checking the individual's environment, particularly in 
unknown situations or situations where studies of atmospheric pollution are not 
feasible, are one step further removed from the actual indication of damage to the 
individual and may not vield a true report of whether damage has or has not occur- 
red. Johnson and Whitman ?* have provided some evidence on this point. They 
showed that the appearance of coproporphyrin IIL is apparently delayed beyond the 
appearance of lead in urine. This is, of course, only natural, since heavy metal 
poisonings are cumulative, and the prior appearance of coproperphyrin ILL would 
indicate that it was not a measure of lead damage as has been postulated. The 
purpose of the porphyrin test should not be misconstrued. 

The test is designed not to test for lead excretion, not to compare with the 
amounts of lead in transport in the body, but to evaluate the damage done by lead 
in the animal organism. Furthermore, increasing the complexity of the test serves 
little useful purpose and destroys much of the practical value of the test to the 


physician in his office as well as to the large-scale screening programs in industry. 
Aspects of these views have been stated in other words by Waldman and Seideman * 
and by Maloof.** The last-named author, in particular, has reemphasized the short- 


comings of stippling methods as we have done in previous reports.’ This is worthy 
“of comment inasmuch as many industrial concerns have relied in the past solely on 
this method of screening their lead-exposed workers. 

It is only recently that we have noted a considerable trend toward eliminating 
this technique as the sole screening method in favor of the much more reliable 
3. (a) Meek, S. F.; Collins, G. R., and Harrold, G. C.: Correlation Coefficient Between 
Basophilic Aggregation Test and Lead-in-Urine, J. Indust. Hyg. & Toxicol. 22:401, 1940. (b) 
Harrold, G. C., and Meek, S. F.: Solubility and the Relative Toxicity of Lead Chromate II, 
Indust. Med. 18:407-409 (Oct.) 1949. 
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porphyrin test. Our critical evaluation of the factors surrounding the latter test is 
made here to aid the various prospective users in their eval--ation of both method 
and result. 

METHOD AND MATERIAL 


We have used our modification of the de Langen and ten Berg * method, which 
is the same as previously reported with two exceptions: Owing to an error, one 
part of our previously reported method was omitted from that report.' The 
method is as follows: 


To 20 ml. of urine, add about 0.5 ml. of glacial acetic acid, 2 ml. of ether and 2 drops of 3% 
hydrogen peroxide and shake briefly. Then add an additional 2 ml. of ether and shake very 
vigorously. Allow the ether to collect the coproporphyrins and rise to a layer at the top. 
I-xamine under ultraviolet light 


We prefer the somewhat larger amount of urine as our sample rather than the 
smaller amounts used by Maloof ** and Johnson and Whitman,?” because this is 
essentially an extraction procedure in which coproporphyrin III is extracted by 
the ether and concentrated in the ether layer. The amounts extracted bear a relation 
to the volume of urine, and experiments indicate that fewer errors result with no 
inconvenience when the larger quantity is used. 

It has also been found that the addition of the hydrogen peroxide eliminates 
a small percentage of doubtful reactions and increases the intensity of the visible 
fluorescence. 

We have used larger quantities of glacial acetic acid than other investigators,’ 
as the time of shaking was seemingly shortened. We now are using 0.5 ml. of 
glacial acetic acid, which gives excellent results on 20-ml. samples of urines. 

The preferred ultraviolet source for coproporphyrin IIL should be one emitting 
rays largely in the range of 350 to 410 yw as there is an ideal absorption band at 
401 » for coproporphyrin IIl and another band almost as good at 357 p. While 
the source is not critical, therefore, there are numerous so-called ultraviolet devices 
on the market which emit little ultraviolet in this range and large quantities of 
light in the visible range so that the comparison of fluorescent phenomena is often 
impossible. Since 400 is the approximate division line between the deep violet 
of the visible spectrum and what is called the ultraviolet region, it can also be seen 
that some of the efficient ultraviolet sources ranging from 1 to 3U0 p» will not give 
effective fluorescence. Any of the long-ray ultraviolet sources in which any visible 
part of the spectrum is screened out to transmit only the deep violet wave length 
around 400 » will give ideal results. Glass or chemical cells can be used for this 
purpose. 

As our experience has increased, we have inclined more and more to the view 
expressed by Waldman and Seideman ** that an exact quantitative nethod for the 
determination of porphyrin is not essential. 

Whereas our first report included five positive degrees on our porphyrin scale, 
we are now using three positive degrees designated 1K, 2R, and 3R. We have noted 
that with our method the color is either rose-colored or red and that to proceed 


further from there and to interpret numerous shades of red is superfluous, as all 


4. de Langen, C. D., and ten Berg, J. A. G.: Porphyrin in the Urine as a First Symptom 
of Lead Poisoning, Acta med. scandinay. 130:37, 1948; abstracted, J. A. M. A. 138:244 (Sept. 
18) 1948. 
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the degrees of red, in our opinion, constitute damage which requires positive action, 
and any refinement over three degrees of redness is academic. 

As regards storage of samples, we have received a number of private communi- 
cations indicating that coproporphyrin III is destroyed by heat and light, and 
Waldman and Seideman ** recommended that the samples be stored in a cold, dark 
place. 

We analyzed 140 samples of urine from lead-exposed workers where the samples 
were collected and analyzed the same day. Some positive degree of rose or red 
fluorescence appeared in each of these samples, although the amounts of lead in 
urine were not all over 0.15 mg. of lead per liter of urine. The porphyrin test was 


TABLE 1.—Arbitrary Porphyrin Scale 


Number of Urine Samples in Each 
Porphyrin Reaction Group 
Mg. Lead per Liter of Urine IR 2R 3R 
Less than 0.1 mg ‘ 4 ee 
11-0.15 meg 3 
0.15-0.2 mg... 2 
0.2-0.25 mg.... 
0.25-0.3 mg 
OD 


Arbitrary Porphyrin Seale Classifleation 


light blue or light green-normal porphyrin concentration. 
rose red or light pink 
distinet red fluorescence. 

= deep red fluorescence 


TaBie 2.—Arbitrary Porphyrin Scale 


Number of Urine Samples in Each 
Porphyrin Reaction Group 


Mg. Lead per Liter of Urine IR 2R 
0.1-0.15 mg..... 
0.15-0.2 mg..... 
0.24.25 mg.... 
04-045 me 


repeated four days later, and in every case some degree of rose or red fluorescence 
was noted. The samples were not in sunlight but were exposed to ordinary daylight 
in a laboratory maintained at 78 F. The test was repeated in six days, with one 
sample, which had been 1R, showing enough loss of coproporphyrin ILI to give a 
blue-green fluorescence. The test was repeated on the 118 samples that had a 20-ce. 
volume of urine remaining after standing 14 days. After the 14-day period, 23 
samples did not show a rose fluorescence; thus 19.5% of the samples that had once 
demonstrated damage had lost the indicative coproporphyrin IIT content. 

In addition, we have analyzed the data obtained on samples shipped from con- 
siderable distances. Thus, with 27 samples the collection of which occurred six days 
prior to the time of analysis, the results in Table 1 were found. 

Furthermore, in 24 instances in which five days had elapsed between the col- 


lection and the analysis owing to distance of shipment, the results were as given 
in Table 2. 
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From the above data we have concluded that a six-day interval is permissible, 
with our technique, between the collection of sample and the determination of por- 
phyrin. To be safe, we try to analyze all samples within four days of collection, as 
we do not feel that normal heat and light will degrade the specimen sufficiently to 
destroy the indications of significant damage arising from lead exposure. 

Qur findings are contrary to expressed opinions ** that human errors would 
interfere with the semiquantitative method of determining coproporphyrinuria. Of 
the samples mentioned above, 108 were examined by three or more observers, who 
reported identical observations. Furthermore, these 1O& samples were prepared 
for fluorescence reading by three different individuals, and 68 of the samples were 
observed by five or more observers, with identical conclusions. We do not believe 
that the factor of human error is important. 

While there is no doubt that coproporphyrin [I] will appear in pathological 
states other than lead intoxication, we submit that this factor is negligible as regards 
a practical screening test for lead intoxication in industry. We have tested 86 work- 
ers not known to have lead exposure who are all working and all apparently in good 
health. The 86 individuals showed a lead-in-urine average of 0.04 mg. per liter, 
which is quite normal for an industrial environment.” No value was over 0.07 mg. 
of lead per liter of urine. In only two of these individual urine samples was light- 
rose fluorescence observed, and one of these individuals was subsequently treated 
for pernicious anemia. The results of 2.3% deviation is not such as to cause alarm. 
The positive determination provides an extra bit of information on which the attend- 
ing physician may work. Waldman and Seideman ** found 4 of 89 individuals not 
exposed to lead, or 4.5% of the total, whose urine gave weak fluorescence phenom- 


ena, but phenomena which did not meet their experimental criteria of lead exposure. 


We have noted in a very few cases a yellowish-rose fluorescence which we do not 
believe indicates lead absorption, and this phenomenon was noted in the above 
two Cases. 

The appearance of rose fluorescence is, we believe, more sensitive than any 
quantitative evaluation of coproporphyrin ITT. 

Our complete results on 315 urine samples which were obtained from individuals 
exposed in the main to coarse lead oxide or lead carbonate dusts were complicated 
by exposures to some soldering operations which we believed to be a special case. 
Our results agree quite well with those reported by Waldman and Seideman ** 
and other authors **" except that we have found a larger number of instances in 
which negative porphyrin results were found related to lead-in-urine values of 0.15 
mg. or more of lead per liter of urine. 

We found that 13 samples out of 118 which gave a blue-green fluorescence 
indicating no coproporphyrin IIL had higher lead-in-urine values than 0.15 mg. per 
liter. We found positive porphyrin reactions in all of the remaining 197 samples, of 
which 109 had lead-in-urine concentrations of 0.15 mg. or over per liter, and 8&8 
urines containing less than 0.15 mg. per liter. 

The explanation of why 13 samples in this series gave a blue-green reaction 
when the urinary lead concentrations were over 0.15 mg. per liter is based on what 


we believe to be a complex picture influenced by the kind and the size of the lead 

5. Harrold, G. C.; Meek, S. F.; Collins, G. R., and Markell, T. F.: Toxicity of Lead 
Chromate, |. Indust. Hyg. & Toxicol. 26:47, 1944. Meek, Collins, and Harrold.*® Harrold 
and Meek.s 
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particle and, of course, the process producing the particle. The first 2 of the 13 
samples negative for porphyrin, and having 0.21 and 0.29 mg. of lead per liter, were 
from one individual. The first value obtained was 0.21 mg. of lead per liter of urine ; 
on a sample collected one week later 0.15 mg. of lead per liter of urine was found, 
and the porphyrin reaction was 1R. Another sample taken from this individual one 
month later gave 0.29 mg. of lead per liter with no indication of porphyrin. This 
man left his employment and could not be followed further. Two of the samples 


having values of 0.18 mg. of lead per liter with zero porphyrin values were checked 
one week later and the later samples gave, respectively, 0.23 and 0.23 mg. of lead 
per liter of urine and both gave 1R porphyrin reactions. The men represented by 
these samples were relatively new employees, but the exact dates of hiring were 
not obtained. The cases were probably similar to those reported recently.*” Urine 
having 0.28 mg. of lead per liter was collected in connection with a legal case, 
which could not be followed. A value of 0.29 mg. of lead per liter of urine for one 
individual is not easily explained, as earlier samples taken from the same individual 


had shown lead concentrations higher than 0.15 mg. per liter with positive porphyrin 
reactions. 


COM MENT 


We do not believe that any exact statements can be made about correlations 


between the numbers of individual urines having more or less than 0.15 mg. of lead 
¥ per liter of urine, as the times of exposure, as well as the kind of job, the size of i 
particle, and the chemical constitution of the particle, will all vary in each investi- 


gation. However, the very few negative cases which, apparently, do not agree with 
a given value of lead found in urine should not detract from the outstanding merit 
of the porphyrin test as a measure of lead damage. 


It should be noted that the 315 urine samples were taken from 250 individuals. 
One group of nine men had samples taken respectively one week and five weeks after 
the first sample; 47 individuals supplied two urine samples at intervals varying 
from one week to two months from the taking of the first sample. Four of the 13 
samples exhibiting zero porphyrin reactions with higher than 0.15 mg. of lead per 
liter of urine were from individuals who had supplied other urine samples which 
did give positive porphyrin reactions. One of the remaining negative cases, in which 
the subject could have been exposed largely to the fumes of lead, represents, we 
believe, a special case, which will be discussed in another paper. 


TYPE OF EXPOSURE 


The 315 urines reported on here were selected as representing exposures to 
relatively coarse lead oxide such as might arise from metal finishing operations, 
torch soldering and grinding on lead, and to exposures to other lead salts known to 
be soluble in body fluids, arising from a variety of operations, but all comprising 
an exposure to lead dust. Ninety-nine per cent by weight of the dust has been found 
to be above 1 y» in size in all the operations except the torch soldering, as evaluated 
by electrical precipitator collection, solvent fractionation based on a modified 
Stokes’s Law settling procedure, and subsequent chemical determination. 

Two torch-soldering groups were found to be exposed to particulate lead less 
than 1 » in size to the extent of 13% and 15% of the total weight, but the results 
were included herein because of a multiple exposure to other and coarser lead dust. 
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The ages of the exposed individuals ranged from 17 to 73 years. These data 
were related to the duration of the exposures to lead for two groups in an attempt to 
determine any significant directional trend. 

One group of 27 men ranging in age from 18 to 43 had exposure times of from 
7 to 16 months, the average exposure being 12 months and 11 days. The work was 
typical of a body shop, with job titles such as metal finisher, repairman, and for 
several individuals, body-shop foreman and inspector. 

Five men supplied a second urine sample seven weeks after the first one. Of 
the 32 urine samples, 3 had lead values of more than 0.15 mg. per liter. One with 
a value of 0.6 mg. per liter had a porphyrin value of 3K. The individual who supplied 
this sample was removed from the job and shortly afterward was reported to be 
asymptomatic. His exposure time had been seven months with the same relative 
exposures as the other 27 men. 

The second subject with a high lead-in-urine value, 0.21 mg. per liter, in this 
group had a porphyrin value of IR. Seven weeks previously a lead-in-urine value 
of 0.14 mg. per liter was found, and a zero porphyrin value. Shortly after the 
second report, this man was checked at the hospital, with a finding of numbness in 
the right hand and a loss of grip. 

The third value over 0.15 mg. of lead per liter of urine was one of 0.18 mg. per 
liter with a porphyrin value of 1K. A urine sample taken seven weeks later gave 
a lead value of 0.05 mg. per liter and a porphyrin value of zero. 

Phe remaining 29 lead-in-urine values were all under 0.15 mg. per liter. Positive 


indications of porphyrins were found in 11 samples having an average of 0.085 mg. 


of lead per liter of urine, and a zero reaction for porphyrin was found in 18 samples 


with an average of 0.075 mg. of lead per liter of urine. The zero porphyrin results 
would average 0.056 mg. of lead per liter of urine if we would remove the five values 
that were attributed to torch soldering. 

Relatively short periods of exposure, in this group, were associated with con- 
siderable damage attributable to relatively coarse lead oxide. The torch-soldering 
work did not indicate damage even though the lead-in-urine value was somewhat 
elevated. 

Porphyrin indicating damage did not appear as early in urine as did increase 
of lead content indicating lead absorption. 

oth Jead-in-urine and urinary-porphyrin techniques have here shown their 
value, but the urinary-porphyrin technique is the easiest to use as a screening tool 
when both techniques cannot be used. 

Another composite group of 82 men was exposed almost entirely to lead dust 
consisting largely of lead oxide, carbonates, and lead combined with various nitrogen 
compounds. The ages ranged from 22 to 56 vears, Forty-seven urine samples posi- 
tive showed porphyrin reactions, and, of these 47, all had over 0.15 mg. of lead per 
liter with one exception. Of the 35 zero porphyrin reactions, 7 were associated with 


lead-in-urine values over 0.15 mg. per liter. It was in these analyses that we had 


7 values above 0.15 mg. of lead per liter of urine with a negative porphyrin reaction 


and only one value less than 0.15 mg. of lead per liter of urine with a positive 
porphyrin reaction. It should be pointed out that the positive porphyrin reactions 
were found on urines having the very high general average for 47 samples of 0.27 
mg. of lead per liter of urine. The negative porphyrin group of 35 also had the 
relatively high value of 0.11 mg. of lead per liter of urine. 
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It should be noted here that of the seven values which exceed 0.15 mg. of lead 
per liter of urine, one was 0.2 mg. per liter, four were 0.16 mg. per liter, and two 
were 0.17 mg. per liter. They all came from one plant where there was a possibility 
of a fume exposure. 

We do not think the value of 0.15 mg. of lead per liter of urine has enough 
validity to cause us to say that negative porphyrin values in the range 0.15 to 0.2 
mg. of lead per liter of urine are indications of the failure of the porphyrin test to 
indicate lead damage. It may be that the change from absorption to damage m these 
cases may be closer to 0.2 mg. than to 0.15 mg. of lead per liter of urine. 


CONCLUSIONS 

The porphyrin test for lead damage, using a simplified technique which may be 
adapted to the needs of the physician’s office or to large-scale industrial screening 
programs, is reliable. 

The correlation of positive results and lead-in-urine values above 0.15 mg. per 
liter, while very good in certain kinds of lead exposure, is not perfect and does not 
need to be perfect. 

The positive deviations due to other disease manifestations or chemicals, while 
real, are so small as to be negligible in a screening technique and, in fact, provide 
the physician with added data to use in evaluating any other disease manifestations 
of the individual. 

Samples may be shipped for considerable distances with no great loss in por- 
phyrin content, but when possible they should be analyzed within six days and 
should not be exposed unnecessarily to heat or light. 

The porphyrin test, while a very early test for damage from lead, does not 
indicate high lead exposure of the individual as soon as urinary lead determinations 
do. This indicates the need for both tests to be used wherever possible. 


There are indications that in mixed exposures to various lead dusts there will 


be variable correlations with the lead-in-urine values but that correlations are very 
much better if the lead excretion values up to 0.2 mg. of lead per liter of urine are 
used rather than the 0.15 mg. per liter generally used. 


The urinary porphyrin test indicates damage equally well whether it relates to 
workers newly exposed for periods of less than six months or to workers who have 
been exposed up to 40 years. 

The correlations established in this paper refer in the main to relatively coarse 
lead compounds readily soluble in human lung fluid and blood serum. Some 
exposures were mixed, in that lead fumes were included to some extent. Certain 
types of lead-fume exposure introduce problems which place them in a special class, 
which we have considered in another paper. 
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EFFICIENCY OF CRITERIA OF STRESS IN TOXICOLOGICAL 


HENRY F. SMYTH Jr., Ph.D. 


CARROL S. WEIL, MS. 
PITTSBURGH 


EDGAR M. ADAMS, Ph.D. 
AND 


RICHARD L. HOLLINGSWORTH, MS. 
MIDLAND, MICH. 


INTCOLOGICAL investigation aims to predict from animal experiments 
the human response to intake of chemicals. The methods employed have been 
borrowed from the pharmacologist, the physiologist, the pathologist, and other medi- 
cal scientists. They have yielded a large body of valuable information—so large 


that great segments are not yet fully applied, but are being used without adequate 


consideration of value and pertinence. We have set out upon a systematic reap- 
praisal of the methods of toxicology——of both the strategy of the over-all plan and 
the tactical details of its operation. It is anticipated that later papers will carry us 
beyond the present introduction. 

\ basic axiom of toxicology is the proposition that the body can tolerate without 
harm some amount of any substance whatsoever. This generality has been found 
correct for a large number of materials, and it is a highly useful concept. 

The industrial hygienist expects the toxicologist to define the tolerable intake 
of every material encountered in industry. Investigations directed primarily toward 
answering his questions may be considered quantitative toxicology. There is much 
practical value to be had from studies which delve no deeper than this quantitative 
phase, answering the question “How much?” 

The physician requires information about the nature of the injury resulting from 
an excess and about the mechanism by which a material acts upon the body. Investi- 
gations to meet his need may be considered qualitative toxicology. 

\ complete toxicological study produces both quantitative and qualitative infor- 
mation, and neither phase can be pursued without some consideration of its comple- 
ment. Nevertheless, at times it is useful to consider them as two different types of 
investigation. The present paper is directed chiefly at quantitative toxicology. 

The toxicologist predicts from the results of animal experiment the greatest 
intake of a material which can be expected to cause no human injury after prolonged 
absorption. From large single doses and from repeated smaller doses, alterations 
are induced in physiological processes and changes are brought about in cellular 
structures. The effects are recognized by comparing measurements made on treated 


From the Carbide and Carbon Chemicals Company and Mellon Institute, Pittsburgh (Dr. 
Smyth and Mr. Weil) and the Dow Chemical Company, Midland, Mich. (Dr. Adams and Mr. 
Hollingsworth) 
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animals with similar observations upon untreated controls. Statistical analysis is 
required to estimate the magnitude of the differences to be expected from random 
sampling alone, independent of experimental treatment. It is commonly agreed 
that differences greater than would be expected once in 20 trials are to be considered 
results of treatment and are recognizable effects of the particular dosage of the 
material under study. Differences less than this fall within the range of uncertainty 
(+ 1.96 standard deviations ) and do not constitute recognizable effects, being prob- 
ably artifacts of sampling. The magnitude of the range of uncertainty is governed 
by the inherent variability of the animal stock, which is not the same for every 
measurable characteristic, by the precision of the particular measurement, and by the 
number of animals studied. 

In quantitative studies the toxicologist administers the material in a series of 
graded dosages, determining the greatest dose which causes no recognizable effect 
and the least which causes any effect. Any recognizable effect of stress in an animal 
may properly be regarded as predictive of injury to follow the prolonged intake of 
the material, whether or not at the moment of recognition the effect can itself be 
considered an injury. It is given great weight in judging whether a particular 
dosage level is actually or potentially injurious to animals. 

The toxicologist must be concerned with every effect a material has upon the 
body, but in quantitative studies his primary purpose is to estimate the intake which 
has no effect. More and more criteria of the effects of stress are beine suggested 
for his armamentarium as they are found useful in new experiments, but there has 
been no systematic consideration of their relative values. The toxicologist should 
concentrate his attention upon those criteria which are most efficient in detecting 
stress caused by the treatment. The efficiency of a criterion is a function of the 
inherent variability of the animals in the particular characteristic measured, of the 
precision with which the measurement can be made, and, above all, of the magni- 
tude of the effect that is produced upon the measurement by a minute stress. 

In the realm of the efficiency of criteria of stress we are at sea. Each toxicologist 
has undocumented impressions based upon past experience, and the impressions are 
not in agreement. One feels that microscopic pathologic aspects of tissues will usu- 
ally reveal the results of stress at a lower dosage level and in a shorter period than 
will other criteria, while another is convinced that the growth rate is more efficient. 
We require collation of the experiences of many toxicologists with a multitude of 
compounds to assay the efficiency of the criteria commonly observed in experiments 
in order that future studies may be planned to detect effects at the lowest dosage 
levels and in the briefest period. 

As a demonstration of the value to toxicology of a general pooling of experiences 
we have surveyed in detail the results of studies made in our respective laboratories 
over the past 15 to 18 years. One laboratory has worked primarily with aliphatic 
organic compounds, while the other has studied a larger proportion of aromatic and 


halogenated materials; yet their separate experiences have been so nearly identical 
that the combination distorts no conclusions. Basically, the methods of the two 


laboratories have been identical and unchanged over the period in question, differing 
only in minor details, which is a further justification for pooling. 

All of the studies included in the survey have been of one pattern, aimed at defin- 
ing the no-effect level of repeated intake of a chemical. The pattern consisted of 
giving several groups of young animals, in their diet, in their drinking water, or by 
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inhalation, graded amounts of a chemical over various periods of time. By compar- 
ing measurements of many criteria of effect with those of simultaneously observed 
control animals receiving no chemical, it was possible to estimate the intake level 
producing no effect. The table to follow considers only the lowest dosage level in a 
graded series at which any effect upon the animals was detected. 

For the benefit of those who may feel some of the criteria listed represent effects 
too trivial or too ambiguous to justify the importance attached to them, we may 


Toxicity Studies Extending Over One-Month to Two-Year Periods: Summary 
of Observations at the Lowest Dosage Levels at Which 
Any Effect was Detected 


Number of 
Studies in Which Number in Number in 
Criterion Which Effect Which Effect Was 
Criterion of Effect Was Followed Was Found Sole Effect 


Mortality 200 
Food intake ends 138 
Body weight gain exene 200 
Body length 46 
Fatness index 46 
Organ weights 

Liver 

Kidney 

Heart 

Spleen 

Testes 

Lung a 
Hematologic picture 
Blood urea nitrogen 
Urinary sugar, albumin, casts 
Gross pathologic aspect 
Micropathologic aspect 

Liver 

Kidney 

Adrenal 

Spleen 

Pancreas 

Testis 

Bone marrow 

Heart.... 

Voluntary muscle 

Lung 

Stomach 

Intestine 

Bladder 
Neoplasins 


say that almost always at doses higher than those tabulated more definite effects 
were established by other criteria. 

It may be objected that there is no justification for the combination of observa- 
tions obtained on rats, rabbits, and guinea pigs by ingestion and by inhalation in 
experiments ranging from two weeks to two years in duration. In defense it can be 
stated that a careful study of the observations separated by route of administration, 
by species, by duration of administration, and by laboratory revealed no differences 
not outweighed by the advantages of the larger numbers obtained by the combina- 
tion. There were only three statistically valid differences connected with any of the 


categories mentioned. In inhalation studies, as would be expected, the micropatho- 
logic aspect of the lung was more often a useful criterion of effect than it was when 
the material was ingested. Correlated with this observation, the gross pathologic 
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aspect was more often useful for inhalation than for ingestion studies. When mate- 
rials were ingested, effects on the liver were more often useful in setting the no-effect 
level than when materials were inhaled, undoubtedly because materials absorbed 
from the digestive tract enter the liver promptly through the portal vein, while 
materials absorbed through the lung enter the peripheral circulation first. 

The table summarizes the experience of the two laboratories in 200 studies of 
repeated doses. Twenty-nine criteria are listed, all of which were measured or 
observed in at least 10 studies. The table shows the number of studies in which each 
criterion was measured or observed, the number in which the criterion showed an 
effect from the material, and the number in which the criterion was the only one to 
show an effect. It is important to remember that the latter two entries refer only 
to the lowest dosage level of a graded series where any effect was recognized. 
Twenty other criteria have been omitted from the table on the ground that they were 
measured less than 10 times each—too few to justify any conclusions. These 20 
were measured a total of 69 times. Only four times was an effect recognized by 
one or another of the 20, and it was always accompanied by an effect recognized by 
at least one of the criteria appearing in the table. 

If the data of the table had been derived from a large number of laboratories 
working on the whole range of chemical compounds, it would be logical to convert 
the second column of numbers to percentages and consider it a good estimate of the 
relative efficiencies of the criteria listed. Being drawn from more restricted experi- 
ence, the data are merely indicative. The table indicates the great efficiency of the 
weight (relative to body weight ) and the micropathologic aspect of the liver and the 
kidney, as well as of body weight gain, in defining the no-effect dosage level. In 79 of 
the 200 studies the no-effect level was defined on the basis of an effect recognized 
on only one criterion. In descending order of frequency these sole criteria were : 
liver weight, body weight gains, micropathologic aspect of liver, kidney weight, 
micropathologic aspect of kidney, mortality, food intake. Invariably one or another 
of these seven criteria contributed to defining the no-effect dosage of the entire 200 
studies, so that quantitative conclusions would have been no different had only the 
seven criteria been followed. 

Somewhat more conclusive evidence of efficiency can be had by restricting our- 
selves to those studies where exactly the same list of criteria was followed. There 
were 124 repeated ingestion studies where an effect was recognized by one of the 
following criteria, and where all six were followed: mortality, weight gain, weight 
of liver and kidney, and micropathologic aspect of liver and kidney. In 5 of the 
124 the only effect at the lowest effective dosage level was on the micropathologic 
aspect of liver or kidney. In 49 of the 124 studies the only effect at the lowest 
effective dosage level was on weight of liver or kidney. Many laboratories do not 
regard organ weights as a useful criterion of injury. Had they not been followed 
in these 124 studies the least effective dosage level would have appeared to be 
greater than was the case 49 times, or in 40% of the studies. Had the micropatho- 
logic aspect of liver or kidney been omitted, the least effective dosage level would 
have been wrongly defined only five times, or in 4% of the studies. We can conclude 
that with a large number of organic compounds the weight of the liver or the kidney 
is about 10 times as efficient a criterion of injury as is the micropathologic aspect 
of the same organs. 
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Usually a recognized effect on the liver or the kidney weight is an increase rela- 
tive to total body weight. It appears to be hypertrophy of the organs from increased 
stress in the metabolism and elimination of the material under study. At the lowest 
intake levels where increased weight can be recognized, the composition and the 
cytologic aspect of the organs are normal, but generally at higher intake levels 
micropathologic change is noted. Accordingly, increases in these organ weights are 
considered effects of stress, predictive of injury to be expected at higher intake 
levels or perhaps after a longer period of treatment. 

Data from 31 repeated inhalation studies are included in the table. In these 
studies, if only five criteria had been followed (mortality, weight gain, liver weight, 
kidney weight, gross pathologic aspect), the conclusions on the no-etfect vapor con- 
centration would have been identical with those arrived at by studying the many 
additional criteria actually followed. 

For planning the most informative and most efficient study of repeated feeding 
of chemicals, similar information is required for many more criteria. A committee 
of national scope has begun a much wider sampling of toxicological experience in 
order to establish the desired information respecting the relative efficiency of criteria 
of injury. It is hoped that all toxicologists will cooperate when requested by this 
committee, in order that conclusion useful to all workers may be established. 

Many of the studies summarized in the tables were performed for screening pur- 
poses, Sereening is relied upon to prevent waste of time and money in the study 
of the hazard of applications of chemicals which will eventually be found dangerous. 
The cost of sereening is an important consideration, It is logical to plan a screening 
test to include observation of those criteria which have most often been found efficient 
detectors of effect and to avoid those which have seldom been found efficient or 
which are unduly costly to perform. 

On the basis of the limited information on the efficiency of the criteria given 
above, an effective screening test for repeated oral doses administered to rats would 
consist of observation of mortality (and gross pathologic aspects to exclude acci- 
dental death and infection), weight gain, and weights of liver and kidney. This 
might be expected to give an approximate prediction of the no-effect rat daily intake 
level in 950% of the organic chemicals studied and to give misleading results in 
about 50% of the cases. Ii performed on a total of 100 rats for a 90-day period, such 
a screening test would cost in the neighborhood of $1,000. If micropathologic 
aspects of liver and kidney were added to prevent the 5% misleading results, the 
cost would be raised to $1,200. Whether this additional cost is justified by the 
small increase of accuracy is a point to be decided in each laboratory for its own 
situation 


SUMMARY 


In toxicological studies, many and varied criteria are relied upon to demon- 
strate that a material has produced an effect. The criteria differ widely in the 
efficiency with which they reveal effect. Data from two laboratories are presented to 


indicate the value of a more thorough study of the efficiency of the criteria commonly 


followed in repeated-intake experiments, and to emphasize the high efficiency of 
liver and kidney weights measured in relation to total body weight. 
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RATES OF ELIMINATION OF FLUORIDE STORED IN THE 
TISSUES OF MAN 


EDWARD J. LARGENT, A.B. 
CINCINNATI 


NHANGES in radiopacity associated with deposition of fluoride have been 
C reported to occur in the bones of man as a result of occupational fluoride 
exposure ' or as a result of ingestion of drinking water containing fluoride in exces- 
sive quantities,’ but little has been published concerning the release of fluoride stored 
in the tissues of man. Brun and co-workers * observed the abnormally high excre- 
tion of fluoride among certain cryolite workers after the termination of their occupa- 
tional exposure, but no estimates of the depletion of skeletal fluoride could be made 
from urinary data alone. Kecently the elimination of the fluoride stored in the 


tissues of four human experimental subjects was investigated by measuring the 


extent to which the output of each subject exceeded his or her intake. 
From the Kettering Laboratory, Department of Preventive Medicine and Industrial Health, 
University of Cincinnati College of Medicine. 

This paper was presented in part at the Thirteenth Annual Meeting of the American 
Industrial Hygiene Assuciation, Cincinnati, April 24, 1952. 

1. Agate, J. N., and others: Industrial Fluorosis: A Study of the Hazard to Man and 
Animals Near Fort William, Scotland; A Report to the Fluorosis Committee, Medical Research 
Council—Mtmorandum No. 22, London, His Majesty's Stationery Office, 1949. Bishop, P. A.: 
Bone Changes in Chronic Fluorine Intoxication: A Roentgenographic Study, Am. J. Roentgenol. 
35:577, 1936. Bowler, R. G., and others: The Risk of Fluorosis in Magnesium Foundries, Brit. 
J. Indust. Med. 4:216, 1947. Dale, P. P., and McCauley, H. B.: Dental Conditions in Workers 
Chronically Exposed to Dilute and Anhydrous Hydrofluorie Acid, J. Am. Dent. A. $7:131, 1948. 
Evang, K.: Investigation Among Norwegian Aluminum Workmen as to the Occurrence of 
Bronchial Asthma, Acute Cryolite Poisoning and “Fluorosis,” Nord. hyg. tidskr. 19:117, 1938. 
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Fluoride Osteosclerosis from Drinking Water, Radiology 40:474, 1943. (d) Mascheroni, H. 
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3. Brun, G. C.; Buchwald, H., and Roholm, K.: Fluorine Excretion in the Urine in 
Chronic Fluorine Intoxication of Cryolite Workers, Acta med. scandinav. 106:261, 1941. 
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HUMAN EXPERIMENTAL SUBJECTS 


The four persons included in these experiments were KW, a white woman 40 years of age; 
EL, a white man 38 years of age; GG, a white man 20 years of age, and EB, a Negro man 
45 years of age. Repeated clinical and roentgenographic examinations showed that all were 
in good health throughout the duration of these experiments. For at least 15 years prior 
to the time of these observations all except one had been residents of Cincinnati or Chicago, 
where the fluoride content of the drinking water is very low, 0.2 ppm or less. Subject GG, 
who came to Cincinnati for these observations, was born and had lived (except for his sixth 
year) in Amarillo, Texas, where the fluoride content of the drinking water ranges between 
2.4 and 4.4 ppm.* 

Each set of observations to be described in this report had been preceded immediately 
by a period in which abnormally large quantities of fluoride had been ingested. Three of the 
subjects had ingested measured amounts of additional fluoride, 3 to 36 mg. daily, in experi- 
ments varying from 2 to 130 weeks. The duration of one such group of experiments was 
162 weeks (see table). The fourth subject, GG, probably had acquired abnormally large 
amounts from the drinking water. During these recent periods of observation, a duplicate of 
every item of food and drink ingested by each subject was collected and analyzed for its 
fluoride content.6 The duplicate samples were compounded into 24-hour samples for analysis. 


The Amounts of Fluoride Estimated as Having Been Stored in the Tissues of Human Subjects 
During a Period of Elevated Intake of Fluoride, and the Amounts of Fluoride Eliminated 
over a Pertod of Nineteen Days During Which the Level of Intake Was Lowered 


Amount Amount 


Stored, Eliminated, 
Subject * Mg. 


EI 1,700 
GG 
EB 


Unknown 


"In a series of earlier experiments the ingestion of fluoride by three of the subjects was as follows 
KW, 3 meg. per day during each of 45 weeks (ingested as NaF); EL, 6 to 36 mg. per day during each of 
6) weeks (ingested as NaF, CaFe, NasAXIFs, NaBFa, or bone meal); EB, 3 to 12 mg. per day during each 
of 162 weeks (ingested as NaF or NaBFs). 

t Each amount represents the excess of fluoride in the urine and the feces over the amount ingested. 


The amount of fluoride ingested by each of the subjects was subtracted from the amount 
found in the urine and the feces and the differences were recorded daily or weekly. 


RESULTS 

Human experimental subject GG was available for only a brief time, and the 
observations concerned with the depletion of the fluoride stored in his bones had 
to be hmited to a period of 19 days, but more prolonged observations were made, 
or are in progress, on the other three subjects. The course of the elimination of 
the bone-stered fluoride of all four subjects seemed to follow a straight line during 
the initial period of 19 days. The output of fluoride exceeded the intake by a 
significant amount in every case, the total amounts of excess fluoride recovered 
being recorded in the accompanying table. The extent to which the output exceeded 


the intake seemed to be related to the amount previously stored by a given subject. 


4. Broadhurst, W. L.; Sundstrom, R. W., and Rowley, J. F.: Public Water Supplies in 
Western Texas, Austin, Texas Board of Water Engineers, 1949, 

5. Dahle, D.; Bonnar, R. U., and Wichmann, H. J.: Titration of Small Quantities of 
Fluorides with Thorium Nitrate: I. Effect of Changes in the Amount of Indicator and 
Acidity, J. Official Agricultural Chemists 21:459, 1938. Willard, H. H., and Winter, O. B.: 
Volumetric Method for Determination of Fluorine, Indust. & Engin. Chem. 5:7, 1933. 
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That being the case, GG appeared to have stored previously about the same amount 
of fluoride as had subjects EL. and EB. 

Data plotted for periods which greatly exceeded 19 days could be fitted to 
curves of the type represented by the equation Y = 4 + Be“. In that equation 
Y is the amount of stored fluoride remaining at any given time, t; B is the maxi- 
mum amount that would be mobilized and excreted eventually if the low level of 
fluoride intake continued without change; k is a constant which, along with B, 
determines the slope of the curve at any particular time; 4 is the difference 
obtained by subtracting the value of Be *! from Y when ¢t = 0, and this constant 
represents the amount of fluoride that in all likelihood will never be recovered from 
the tissues. Depletion curves in Chart | show that for the first few weeks follow- 
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Chart 1.—Elimination of fluoride previously stored in the tissues of human experimental 
subjects. 


ing the cessation of ingestion of extradietary fluoride the data for KW did not 
fit the curves very well when the value assigned to k was —0.01. However, 
beyond the sixth or seventh week a good fit could be obtained in every case when 
—0.01 was used. 

Weekly values representing the extent to which the fluoride output of KW 
exceeded her intake over a period of 35 weeks were plotted and a curve fitted to 
the data. This amounted to a rate curve, and the equation for it was dy/dt = 
—2.73 e°°*, When integrated, that equation became Y = A + 68e°° and 
this form was used to construct a curve which was found to fit the depletion of 
fluoride stored in the tissues of KW very well. The larger value of & was then sub- 
stituted in equations for curves fitted to the data obtained from EL and EB. These 
curves fit quite well the data collected from any one of the subjects during the first 
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few weeks of a period of depletion of stored fluoride, and, for the early part of 
any one of these experiments, the fit obtained was somewhat better than that 
observed when a value of —0.01 was used for k. Data collected between the 7th 
and 40th weeks might have been fitted satisfactorily by either type of curve, but 
when data collected from the 78th through the 97th weeks were considered, a curve 
with the proper slope could be obtained only by use of an equation containing the 
smaller value of k. In the first part of Chart 1 (1 EL) each of the values was 
used for constructing a curve in order to show graphically how, after a time, the 
depletion does not follow a curve expressed by an equation containing the larger 
value of k. 

The equations in which —0.01 was substituted for k (see Chart 1) were used 
to estimate the time that would be required for depletion to reach a point beyond 
which the weekly fluoride output would no longer exceed the intake by a signifi- 
cant or measurable amount. This point, expressed as the weekly amount of excess 
excretion of fluoride, was taken as 0.3 mg. Setting }° equal to 0.3 mg. in the 
equations (see Chart 1) and solving for ¢, the values obtained were: EB, 2 years; 


KW, 3 vears, and EL, 4.7 years. 


p=xcess fluoride re= 
covered in the urine 


Chart 2—Schema representing the disposal of the fluoride intake of experimental subjects 
when the intake was limited. 


The fluoride lost through the skin cannot be measured satisfactorily in experi- 


ments that continue for the long periods of time involved in most of these experi- 


ments. This unmeasured loss introduces some small error into these data. 


COMMENT 

When the fluoride intake of each subject was passively limited to that rela- 
tively small amount, 0.4 to O.8 mg. per day, usually found in the food and drink 
of residents of Cincinnati, the previous trend toward the storing of fluoride in the 
hone was reversed in favor of mobilization. The evidence for this consisted in the 
recovery of an excess of fluoride in the urine. This is shown schematically in 
Chart 2.) Blood and bone are shown connected by long and short arrows pointed 
in Opposite directions to indicate the probable preponderant direction of the dynamic 
exchange between those fluoride ions deposited in the bone and those present in 
the circulating blood. In that exchange of ions it was believed that mobilization 
proceeded more rapidly than deposition, 

Data were collected in two ditferent experiments after EB had ingested fluoride 
to such an extent that (a) the apparent storage amounted to 200 mg. (Chart 1), 
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and (>) later, when the apparent storage had reached the total of 1,900 mg. The 


experiment concerned with depletion after the storage of 1,900 mg. (see table) 
is mentioned only briefly because it is still in progress and an additional year or 
thereabouts will be required to obtain an adequate amount of data for comparison 
with those in Chart 1. 

The data in the table and in Chart 1 would seem to demonstrate two facts: 
(1) Fluoride had been stored in the tissues of these four subjects in consequence 
of their previously elevated levels of fluoride intake, and (2) under the experi- 
mental conditions of maintained reduction of the level of intake of fluoride, the 


elimination of stored fluoride continued over periods of months or years. Proof 
that storage occurred at a low level of intake, 3 mg. per day as Nak (in the case 
of KW) and as fluoride in drinking water to the extent of 4+ ppm (in the case of 
GG), has some interesting implications. 


In one of his published reports ° McClure stated that “the elimination of fluorine 
via the urine and perspiration is practically complete when the absorbed quantities 


do not exceed 4.0—5.0 mg. daily.” In an earlier report,’ in which the average 
daily urinary volume of individuals was assumed to be 1 liter, the urinary fluoride 


concentration was shown to be the same as that in the drinking water of the 
particular city in which the observations were made, and in this connection the 


authors stated that “it is strongly implied by these urinary fluorine data that 


fluorine present in the drinking water in concentrations up to at least 4.0—5.0 ppm, 
when ingested by men and boys of these age groups, is largely eliminated in the 
urine.” It is easy to reach the conclusion that storage of fluoride does not occur 
among individuals consuming water of which the fluoride content might be as high 
as 5 ppm, although McClure cautioned against drawing such a conclusion, Data 
obtained from subject GG (Table) show that by the time an individual has reached. 
the age of 20 vears in a city in which the drinking water contains + ppm of fluoride 
demonstrable storage of fluoride has occurred. This fact, coupled with the data 
on KW referred to in the preceding paragraph, 1s believed to be conclusive evidence 


that storage occurred when the level of fluoride ingestion was below 4+ to 5 mg. 
per day. 

The storage demonstrated with biochemical methods does not mean that changes 
in the density of bones have also occurred, and no abnormality of bones could be 
detected in any of the human experimental subjects. Since roentgenographic exami- 


nation of subject GG failed to reveal any evidence of increase in the radiopacity of 
his bones, one may speculate that the fluoride content of the drinking water in 
Amarillo is below the threshold for alteration of the radiopacity of bones of people 
who drink that water. However, residents who have lived in Amarillo for a suffi- 


ciently long time may eventually be found whose bones show increases of density, 
and some individuals may be found in whom the changes resemble those observed 
among residents of Bartlett, Texas.*” 


6. McClure, F. J.; Mitchell, H. H.; Hamilton, T. S., and Kinser, C. A.: Balances of 
Fluorine Ingested from Various Sources in Food and Water by 5 Young Men: Excretion of 
Fluorine Through the Skin, J. Indust. Hyg. & Toxicol. 27:159, 1945. 

7. McClure, F. J., and Kinser, C. A.: Fluoride Domestic Waters and Systemic Effects : 
II. Fluoride Content of Urine in Relation to Fluorine in Drinking Water, Pub. Health Rep. 


59:1575, 1944. 
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Although depletion of stored fluoride followed a straight line during the initial 
period of observation (19 days), it could be predicted that depletion would actually 
be found to follow an exponential curve if observations were continued over a 
sufficient number of months or years. It is apparent in Chart 1 that the rate of 
depletion grows progressively smaller with time and the data do fit very well on 
an exponential curve. 

In attempting to decide whether the value for k in the equations for depletion 
curves should be —0.01 or —0.04, it was observed (I EL of Chart 1) that beyond 
the 40th week of depletion of tissue-held fluorides, the larger value for k obviously 
does not yield a curve that will properly fit data collected between the 7&th and 
97th weeks. On the other hand, the data collected at the start of the depletion of 
stored fluoride do not quite fit the curves calculated by using —0.01 for k in the 
equations and one wonders whether two separate physiological phenomena were 
involved. Depletion of soft-tissue fluoride proceeds more rapidly than does deple- 
tion of fluoride in osseous tissues, and no data have been found which would lead 
one to believe that soit tissues retain fluoride for many days or weeks. In fact, 
most analyses of soft tissues show that their fluoride concentrations are quite low, 
and it seems highly improbable that there was enough fluoride in such tissues to 
account for the amounts of fluoride that were eliminated from the tissues of our 
subjects. Perhaps, also, two types of storage in bone are involved. Recently stored 
fluoride may be more loosely bound to the mineral in the bone and more quickly 
mobihzed than that which has been retained in the bones over long periods. 

The accuracy of the values assigned to 4 leaves much to be desired since A 
includes all the errors connected with (1) unmeasured loss of fluoride through the 
skin as well as (2) any previous but unmeasured storage of fluoride that may have 
occurred prior to the time when these individuals began their service as experi- 
mental subjects. However, this phase of the subject is more closely related to the 


deposition of fluoride in the tissues of man and is to be the subject of a separate 
report. 


SUMMARY 


By means of balance experiments on human subjects, indirect evidence has 
been obtained that fluoride may be stored in human tissues over periods of months 
or years during which as little as 3 mg., as NaF, was ingested daily. 


Corresponding evidence of storage of fluoride was obtained in the case of a 
resident, aged 20, of Amarillo, Texas, where the drinking water contains fluoride 


in concentrations ranging from 2.4 to 4.4 ppm. 


Phe curve that best fits the data for long-term depletion of tissue-stored fluoride 
of man may be represented by an equation of the type V¥ = 4 + Be™*. 
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STATISTICAL ANALYSIS OF NORMAL HUMAN RED BLOOD CELL 
AND PLASMA CHOLINESTERASE ACTIVITY VALUES 


J. H. WOLFSIE, M.D. 
AND 


G. D. WINTER, B.S. 
LINDEN, N. J. 


ITH THE increasing use, in the insecticidal field, of organic phosporus 
compounds which are cholinesterase inhibitors, there can be no question of 
the necessity not only for practical methods of determining the cholinesterase 


activity of body fluids but also, and at least equally important, for valid interpre- 


tations of the significance of results obtained from such tests. A number of 
pharmacologic studies dealing with the effects of various cholinesterase inhibitors 
have been reported in the literature. In spite of a number of reported studies con- 
cerning the establishment of the levels of activity that are normal in the human, 
the relatively small number of subjects and, in some cases, apparent discrepancies 
have prompted us to undertake the following larger-scale study. 


TECIINIQUF 

The technique used for determining cholinesterase activity in both plasma and red cells is a 
modification of a microadaptation of Michel's electrometric method! developed by Hamblin 
and Marchand.? The procedure as modified by us is as follows: 

Blood is collected from a clean, dry finger tip in a glass capillary tube * which has previously 
been immersed in a heparin solution (10 mg. per milliliter) and dried in an air stream. The 
blood is allowed to flow into the capillary until the tube is approximately three-quarters full, 
leaving one end free by 1 to 1"4 in. (2.5 to 3 em.), to permit flame-sealing of the tip of the 
tube without overheating the blood sample. 

N. B. The finger should be pricked deeply and care taken to collect only free-flowing drops 
of blood, to guard against the initiation of the clotting process before the blood contacts the 
heparin lining in the wall of the capillary. 

One end of the capillary is plugged with solid (room-temperature) paraffin and the other 
(free) end is sealed in the flame of a Bunsen burner. The capillary may now be labeled with 
an adhesive-tape tag bearing a serial number or a name and a date. The sample should then 


be centrifuged. Centrifuging at 3,000 to 3,500 rpm in an International Clinical Centrifuge, or 


From the American Cyanamid Company, Warners Plant. 

Plant medical director (Dr. Wolfsie) ; medical department chemist (Mr. Winter). 

1. Michel, H. O.: An Electrometric Method for the Determination of Red Blood Cell and 
Plasma Cholinesterase Activity, J. Lab. & Clin. Med. 34:1564-1568, 1949. 

2. Hamblin, D. O., and Marchand, H. F.: Cholinesterase Tests and Their Applicability in 
the Field, New York, American Cyanamid Company, March, 1951. 

3. Melting point capillary tubes, made by Kimble Glass Company, K. Brand Ne. 34500, 
size 1.5-2.0 « 100 mm., supplied in packages of 100 
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equivalent, for a period of 50 to 60 minutes is recommended. When the sample has been so 
treated, it may be shipped to a laboratory, if necessary, or stored for several days (preferably 
ina refrigerator) without appreciable change. 

For analysis, the capillary is cut cleanly as indicated (Fig. 1), with a sharp ampoule file. 
From the packed-cells section of the capillary, draw 0.02 ml. directly into a Sahli-type hemo- 
globin pipet. (The ends of the capillary must be cut evenly to provide satisfactory juxtaposition 
with the tip of the pipet.) Discharge the contents of the pipet directly into 1.0 ml. of 0.01% 
saponin in a microbeaker, and rinse the pipet well (three times) into the solution. (Glass 
vials, 1 in. [2.5 cm.] deep by 34 in. [19 mm.] in diameter are convenient for electrometric 
testing They will fit in the carrier of a standard pH meter * and, when used with a clean 
rubber stopper, will eliminate transferring the sample from a test tube for each pH measurement. ) 
Plasma is taken from the appropriate section of the capillary in the same manner as the packed 
red cells and discharged into 1.0 ml. of distilled water, the Sahli pipet being rinsed into the 
solution (three times) as with the red blood cells. 

From this point, the method outlined by Michel is followed: 


One milliliter of buffer solution for plasma is added to the plasma-water mixture, and 1 ml. 
of buffer solution for red cells is added to the hemolyzed red cell solution. The beakers are 
stoppered and placed in a water bath at 25 C. After about 10 minutes for temperature 
equilibration, the solutions are placed in a pH meter and the initial pH determination made. 
Phen 0.20 ml. of acetylcholine substrate for plasma is added to the plasma-buffer mixture, with 
agitation of the glass vial; the time of addition is recorded, and the stoppered vial is placed in 


i 


| 
Plasma | 
Red Cells Inter- Paraffin 
face 


Fig. 1.—Glass capillary tube containing centrifuged blood. The levels indicated are those 
at whuch tube is to be cut to obtain plasma and red cell fractions. 


the water bath. Similarly, 0.20 ml. of acetylcholine substrate for red cells is added to the red 
cell-butfer mixture, the time is recorded, and the stoppered vial is placed in the water bath. 
\fter the samples have been incubated at 25 C. for exactly one hour, they are removed from 
the water bath and the final pH is determined. 


Che 4 pH per hour can then be calculated from the following formula of Michel: 


4 pH/hour = f = —b| 
where 
initial pH reading. 
final pH reading. 
time (in hours) between ume of mixing with acetylcholine and time of read- 
ing 
nonenzymatic hydrolysis correction corresponding to pHe. 
correction for variations in 4 pH/hour with pH, corresponding to pHe. 
(* These correction factors have been tabulated by Michel '.) 
The procedure of washing the red blood cells in isotonic saline solution, described by Michel 
and adapted for the microsample method by Hamblin and Marchand, has been omitted. It is 
felt that any error due to the minute quantity of plasma that might be retained among the packed 


4. Beckman Laboratory Model G pH meter, or equivalent 
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red cells would necessarily be less than the experimental errors introduced by washing the cells 
(once or twice), by removal of the supernatant fluid, and by transfer of the cells plus the 
remaining supernatant saline to a microbeaker. With the exceedingly small quantity of packed 
cells available from the original, measured sample (0.02 ml.), it is obvious that a very slight 
loss of cells or an unknown dilution factor will result in a relatively large percentage of error. 

To keep any possible error due to plasma contamination of the cells to an absolute minimum, 
the original samples were centrifuged at a greater speed and for a longer time than that recom- 
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Fig. 2.—Normal human plasma: Distribution of cholinesterase-activity values obtained in 
549 determinations on 255 subjects. 


mended by Michel or Hamblin and Marchand. As an additional precaution, the capillary tubes 
were cut, and plasma or cells were measured, some distance from the actual plasma-cell junction 
(Fig. 1). 

Several carefully conducted comparisons of the two methods of handling red cells showed 
no significant differences in the final determinations of cholinesterase activity. The differences 
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were, in fact, no greater than some observed differences in duplicate samples of blood tested 
at the same time; viz., variations in duplicate samples have been recorded up to 4 pH/hour 
+ OO30. 
RESULTS 
It will be noted that Michel has suggested mean values for normal human 
cholinesterase activity which may be used as norms if it is desired to express results 
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hig. 3.—Normal human erythrocytes : 


Distribution of cholinesterase-activity values obtained 
in 549 determinations on 255 subjects. 


in terms of per-cent activity relative to some normal value. These values repre- 
sent the average of 31 samples of plasma (A pH/hour = 0.703) and 27 samples of 
red cells (4 pll/hour = 0.753) from 12 normal male human subjects, as deter- 
mined by the electrometric method for venous blood, described in his paper. 


We were conducting a series of routine tests on employees engaged in the 
manufacture of parathion (O,o-diethyl o, paranitrophenyl thiophosphate ), together 
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with control tests on healthy employees who had had no contact with parathion or 
related compounds, when it was noted that a majority of the tests resulted in values 


for cholinesterase activity which were considerably higher than the mean values 
published by Michel. 
In an attempt to establish a satisfactory range of normal human cholinesterase 


activity, a total of 549 red cell and plasma cholinesterase activity determinations 


have been carried out on separate samples taken from 225 healthy male human sub- 


jects. The selected group had not been exposed so far as known to any cholines- 


terase inhibitors, including parathion, at least during a period of two months prior 


to the time of testing. Other samples were taken from over 100 male subjects who 


had been working in areas where they might have been somewhat exposed to 


parathion dusts or vapor. The results of these tests (which are not included in 


this report, because of the possibility that the subjects were exposed to cholines- 


terase inhibitors) fall within the normal range shown below. Their 4 pH /hour 


values range from 0.530 to 1.220 for plasma, and from 0.620 to 1.180 for red cells. 


Taste 1—Normal J’alues Obtained for Plasma (Serum)* and Erythrocyte Cholinesterase 
with the Michel Electrometric Method) ( After 


Sealey *) 


Erythrocytes 


Plasma 


Persons Mean Standard Mean Standard 
Authors Tested SpH Hr. Deviation ApH Deviation 
Vorhaus, L. J., Il; Seudamore, H. H., and 

Kark, R. M.: Gastroenterology 5: 394-315, 

Hamblin and Marehand (1951) ?............ 11 mixed ¢ 0.97 0.25 0.766 0.05 
Sealey (1951)5 ....... VGeienecesewhenwwentwens 67 mixed ¢ § 0.92 0.20 0.773 0.09 
Scudamore, H. H.; Vorhaus, L. J., Il, and 

Kark, R. M.: J. Lab. & Clin. Med. 37: 

14 mixed OW 0.19 0.67 O10 


255 males oo 0.112 0.091 


* A value preceding an asterisk indicates serum, rather than plasma 
* A microadaptation of the electrometric method of Michel 2 was used 
8 Forty of these persons are stated to have been “minimally exposed” to organic phosphate compounds. 


The range of known normal cholinesterase activity found in this study includes 
actual A pH/hour values of 0.408 to 1.652 for plasma, and 0.554 to 1.252 for red 
cells (see Figs. 2 and 3). 


The arithmetic mean for plasma cholinesterase is 4 pH /hour 0.912, the median 


value of the distribution is 0.919, and the midpoint of the modal class interval is 
0.952. The mean deviation about the mean is A pH /hour 0.144 for plasma and the 
standard deviation is 0.112. 


The arithmetic mean for red cell cholinesterase is 4 pH /hour 0.861, the median 


value of the distribution is 0.855, and the midpoint of the modal class interval is 


0.782. The mean deviation about the mean is 4 pH /hour 0.122 for red cells, and 


the standard deviation is 0.091. 
These reference values from the frequency distribution (Figs. 2 and 3) are 
compared with values reported by other workers, in Table 1.° 


One can compare results of experiments done by different techniques, by con- 


verting the measure of dispersion of a series of experiments to percentage form, 


5. Sealey, J. L.: Organic Phosphate Study, 1951, The Environmental Research Laboratory, 
University of Washington, Dec., 1951. 
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Taste 2.1 Comparison of “Normal” Limits of Plasma Cholinesterase Actiz ity Determined 


by Vartous Authors (After Callaway, Davies, and Rutland ®) 


Coefti- 
Obser- cient of 
Authors Technique vations Variation 
Callaway, Davies, and Rutland (1951) aoe Warburg: Substrate acetylcholine 


levine, MG, and Hoyt, R. E.: Proe. Soe. Exper. Warburg: Substrate acetyleholine 
Biol & Med. 70: 0, 


Michel, H. ©.; Med. Div. Inf. Prog. 38, Warburg: Substrate acetylcholine 
July, 

Callaway and Davies (Unpublished)... Warburg: Substrate acetylcholine 

Wilson (14%) (Unpublished)... Warburg: Substrate benzoylcholine 

Davies, D. R., and Rutland, J. P.: Biochem. J. Warburg: Substrate benzoyleholine 
47: 21-22, 1950 

Piceoli, R., and Longo, G Boll. Soe. ital. biol Continuous titration: Substrate 
sper. (No, 4) 23: 356-357, 1947 acetylcholine 

Meyer, M.; Sawitsky, A., and Fiteh, H. M.: Continuous titration: Substrate 
J. & Clin. Med. 33: 203, Ig4s acetylcholine 


Davies R., and Rutland, J. P.: Bioehem. | Electrometric: Substrate acetyleholine 
47: 71-2", 
Michel (1944) ! Electrometric: Substrate acetyleholine 42 
Persons 
Tested 
Vorhaus, L. J., 11; Scudamore, H. H., and Kark, Electrometric: Substrate acetyleholine 
Ro M.: Gastroenterology 5: 304-315, 1950 (serum) 
Hamblin and Marehand (1951) 2 Eleetrometrie: Substrate acetyleholine 
Sealey (1051) Electrometric: Substrate acetylcholine 
Scudamore, H. H.; Vorhaus, L. J., and Kark, Electrometric: Substrate acetylcholine 
R. M.: J. Lab. & Clin. Med. 37: SOO-S05, 1951 


Present paper 


Electrometrie: Substrate acetyleboline 255 
(54% observations) 


these are stated to have been “minimally exposed” to organie phosphate compounds. 


1 Comparison of “Normal” Limits of Red Cell Cholinesterase Activity Determined 
by Vartous Authors (After Callaway, Davies, and Rutland 6) 


Coefii- 

Obser- cient of 

Authors Technique vations Variation 

Callaway, Davies, and Rutland (1951) & Warburg: Substrate acetyleholine os 10.7 + 

Callaway and Davies (Unpublished) basa Warburg: Substrate acetylcholine 27 12.3 
Callaway, Davies, and Rutland (1951) ¢,. Warburg: Substrate 

Wilson (i949) (1 npublished) 


acetylcholine MS 154 
Warburg: Substrate acetylmethyl- 100 

choline 
Davies, D. R., and Rutland, J. P.: Biochem. J. Warburg: Substrate acetylmethyl- ” 

47: 21-22, 1950 choline 


Meyer, L. M.; Sawitsky, A.. and Fiteh, H M.: Continuous titration: Substrate 15 
J. Lab. & Clin. Med. 33: 903, 194s acetylcholine 


Davies, D. R.. and Rutland, J. P.: Biochem. J. Electrometric: Substrate acetylcholine 45 


Persons 
‘Tested 
Hamblin and Marehand (1951) 2 Electrometrie: Substrate acetyleholine 11 6.5 
Sealey (1951) 5 ; 4 Electrometric: Substrate acetylcholine 67 11.6 
Seudamore, H. H.; Vorhaus, L. J., 1, and Kark, 
Ro J. Lab. & Clin. Med. 37: 1951 


Present paper 


Electrometric: Substrate acetyleholine 14 14.9 


Electrometrie: Substrate acetyleholine 255 10.6 
(49 observations) 


Serviee group 
* Forty of these persons are stated to have been 


“minimally exposed” to organic phosphate compounds. 
Civilians 


2 
: ae 22.5 
42 21.5 
18.1 
100 28.5 
* 
19 25.8 
* 
30 12.5 
15 30.2 
i 
24.5 
} 
21.4 
17.0 
95,8 
21.7 
a 
4. 
> 
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using the coefficient of variation. The results of determinations of cholinesterase 


activity by several observers have been compared in this way by Callaway, Davies, 


and Rutland ® and summarized as shown in the first sections of Tables 2 and 3. 


Some different observers’ results are compared in the same manner in the second 
sections of Tables 2 and 3. 


In Figures 2 and 3, the area method of fitting a normal curve to a frequency 


distribution has been employed to superimpose a true normal curve on the histo- 
gram of the normal cholinesterase activities found in this study. By this calculation, 
on the basis of the sample population tested, it is possible not only to estimate the 
probable range of activity of any other future sample population but also to deter- 
mine whether or not individual test results fall within the expected range. 

It will be noted that, because of the wide range of normal activity, it will not 
be possible to determine from one test whether a person has or has not been recently 


TasLe 4.—Normal Cholinesterase Activity 


Plasma Erythrocytes 


No. of normal subjects................. 255 

Range of variation of normal curve * 0442-1377 0.527-1.207 

Mean deviation about the arithmetic mean * 0.122 


* A pH hour. 


exposed to a cholinesterase inhibitor if the exposure was relatively minor. Thus, 
individual test samples in which cholinesterase activity levels fall within the lewer 
limits of the normal range should be questioned and held in abeyance, without the 
benefit of preexposure values for such an individual, until such time as further serial 
blood samples are examined. 
SUMMARY 

Five hundred forty-nine plasma and 549 red cell cholinesterase activity deter- 
minations have been carried out on individual blood samples from 255 healthy, nor- 
mal male human subjects by using a microadaptation of the electrometric method of 
Michel. A histogram of the dispersion has been drawn with a calculated normal 
curve superimposed. The results obtained in this investigation have been com- 
pared with those reported by other observers, including results of experiments done 


by several different techniques. Significant data from the normal cholinesterase 
activity dispersion are summarized in Table 4. 


6. Callaway, S.; Davies, D. R., and Rutland, J. P.: Blood Cholinesterase Levels and Range 
of Personal Variation in a Healthy Adult Population, Brit. M. J. 2:812, 1951. 
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VAPOR TOXICITY OF CARBON TETRACHLORIDE DETERMINED 
EXPERIMENTS ON LABORATORY ANIMALS 


E. M. ADAMS, Ph.D. 
H. C. SPENCER, Ph.D. 
Vv. K. ROWE, MS. 


D. D. McCOLLISTER, B.S. 
AND 
D. D. IRISH, Ph.D. 
MIDLAND, MICH 


He QUANTITATINE aspect of the toxicity of carbon tetrachloride has 
in question despite many experimental investigations and a very 
extensive experience in use. The literature need not be reviewed in full; it suffices to 
say that certain early investigations ' yielded a concept of the quantitative toxicity 
which has been expressed almost invariably in terms of a so-called maximum allow- 
able concentration. The first generally accepted value for this standard was 100 parts 
per million (ppm). This value apparently was supported by industrial experience 
reported by Smyth and associates '** and by Davis.’ The latter makes it clear that 
100 ppm is an absolute maximum and that vapor concentrations must remain below 
this value. It should be noted that little or no attention has been devoted to the 
toxicological evaluation of single exposures, even though such exposures have been 
the cause of most serious poisonings with carbon tetrachloride. 
In part, the subsequent experience of human subjects has appeared at variance 
with the original concept. There have been claims * of adverse chronic effects upon 
repeated exposures to concentrations of less than 100 ppm; however, these claims 


have not been presented convincingly with adequate measurements of exposure. 


From the Biochemical Research Department, The Dow Chemical Company. 

\ summary of this work was presented at the Annual Meeting of the American Industrial 
Hygiene Association, April 27, 1950, in Chicago. 

1. (a) von Oettingen, W. F.: The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19:349-433, 1937. (b) Smyth, H. F.; Smyth, H. F., Jr. 
and Carpenter, C. D.: The Chronic Toxicity of Carbon Tetrachloride: Animal Exposures and 
18 : 277-298, 1936; (c) Safe Practice in the Industrial Use of Carbon Tetra- 
chloride, J. A. M. A. 107:1683-1687, 1936. (d) Davis, P. A.: 
Industrial Hazard, ibid, 103:962-966, 1934. 


Field Studies, ibid 


Carbon Tetrachloride as an 


2. Elkins, H. B.: Maximal Allowable Concentrations: I. Carbon Tetrachloride, J. Indust. 
Hyg. & Toxicol, 24: 233-235, 1942. Bowditch, M.: Carbon Tetrachloride, Indust. Med. 12:440, 
1943. Heimann, H., and Ford, C. A.: Low Concentrations of Carbon Tetrachloride Capable 
of Causing Mild Narcosis, New York Dept. Lab. Indust. Bull. 20:209-210, 1941. Anonymous: 
A Study of Carbon Tetrachloride Hazard, Illinois Labor Bull. 2:10 (May 31) 1942. 
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Furthermore, a growing number of accounts, to a few of which reference is made,” 
have indicated a degree of acute toxicity which seemed surprisingly high. Although 
the latter reports have not included analytical measurements of vapor concentration, 
the description of the solvent used and the presence of minimal or no anesthetic 
effects indicate that vapor concentrations were well below 1,000 ppm. Nevertheless, 
these accounts report more or less serious injury and deaths following single 
exposures of but a few hours’ duration. 

The present experimental work was carried out as part of a comparative study 
of the toxicity of vapors of four chlorinated hydrocarbons: ethylene dichloride, 
trichloroethylene,” tetrachlor: ethylene,” and carbon tetrachloride. These comparative 
studies were undertaken so that the health problems associated with the use of these 
materials could be evaluated more fully. 

In this comparative study considerable emphasis was placed on quantitative 
leasures of acute toxicity (for the rat) in terms of both capacity to kill and 
capacity to cause nonfatal injury, for it has been felt that a knowledge of acute 
toxicity is as important for industrial hygiene as is that of chronic toxicity. 

EXPERIMENTAL PROCEDURES 

Vaterial Tested —The carbon tetrachloride used in this experimental work consisted of 12 
samples of a commercial product, all purified by redistillation. The infrared absorption spectra 
of four samples showed no detectable impurity; the spectra of eight samples revealed 0.02 to 
0.08% chloroform and trace amounts of tetrachloroethylene 

Source and Feeding of Animals—The albino rats were raised in this laboratory of stock 
originally obtained from the Wistar Institute of \natomy and Biology in 1938. They were 
maintained on a modified Sherman diet consisting ot freshly ground whole wheat, 55% ; dried 
whole milk. 25%: dried extracted liver, 12%; dried brewers’ yeast, 5%; iodized salt, 2%; 
calcium carbonate, 1%. 

The guinea pigs were a heterogeneous stock purchased from a commercial breeder They 
were fed a diet of commercial rabbit chow,7@ alfalfa hay, and cabbage. 

The albino rabbits were a heterogeneous stock raised in this laboratory on the same rabbit 
chow * and altalfa hay. 

The rhesus monkeys were newly imported animals, kept in the laboratory for several months 


before use. They were fed a variable diet of laboratory chow,*» peanuts, fruits, and vegetables. 


3. (a) Konwaler, B. C., and Noyes, C. B., Jr.: Carbon Tetrachloride Poisoning, California 
& West. Med. 61:16-20, 1944. (b) Morgan, E. L.; Wyatt, J. P., and Sutherland, R. B.: An 
Episode of Carbon Tetrachloride Poisoning with Renal Complications, Canadian M. A. J. 
60: 145-150, 1949. (c) Abbott, G. A., and Miller, M. J.: Carbon Tetrachloride Poisoning, Pub. 
Health Rep. 63:1619-1624, 1948. (d) Sherman, S. R.. and Binder, C. F.: Hazards of Carbon 
Tetrachloride in Present Day Use, U. S. Nav. M. Bull. 43:590-599, 1944. 

4. Spencer, H. C.; Rowe, V. K.: Adams, E. M.; McCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of Ethylene Dichloride Determined by Experiments on Laboratory Animals, 
A. M. A. Arch. Indust. Hyg. 4:482-493, 1951. 

5. Adams. E. M.; Spencer, H. C.; Rowe, V. K.; MeCollister, D. D. and Irish, D. D.: 
Vapor Toxicity of Trichloroethylene Determined by Experiments on Laboratory Animals, 
A. M. A. Arch. Indust. Hyg. 4:469-481, 1951. 

6. Rowe, V. K.: McCollister, D. D.; Spencer, H. C; Adams, E. M., and Irish, D. D.: 
Vapor Toxicity of Tetrachloroethylene for Laboratory Animals and Human Subjects, A. M. A. 
Arch. Indust. Hyg. to be published. 

7. (a) This was purina® rabbit chow (complete ration) made by the Ralston Purina 
Company, St. Louis. (b) This was purina® laboratory chow. 


if 

| 


52 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Single Exposures—A gilass-walled chamber of about 160 liters’ capacity, similar to that 
previously described,’ was used. Two large copper tubes (closed with rubber stoppers) were 
soldered into the monel® top of the chamber so that rats could be introduced conveniently after 
a vapor concentration had been established. A constant air flow was maintained through the 
chamber, the lowest rate for any experiment being about 15 liters per minute and the highest 
about 30 liters per minute. The desired vapor concentration was obtained by metering liquid 
carbon tetrachloride at a constant rate into the tube through which air entered the chamber, 
heat being applied at the point of vaporization as needed to effect complete volatilization. All 
vapor concentrations with ammals in the chamber were checked repeatedly from time to time 
by combustion analyses; the results averaged better than 909% of the calculated theoretical 
concentrations 

The rats were introduced in groups of 5 to 12 within a period of 15 seconds and were 
removed through the chamber door within a similar interval of time at the end of the exposure. 
It was shown by a continuously recording analyzer that the animals were introduced without 
appreciable alteration of the vapor concentration. 

All the rats were selected on the basis of general appearance and apparent good health, males 
and females being used in approximately equal numbers. Animals that received single exposures 
were observed for their behavior, body-weight changes, and time of death. Survivors were 
observed for two to three weeks, or until it was certain that they had fully recovered from the 
effects of the exposure as judged by appearance, behavior, and recovery of weight. Special 
groups of rats, separate from those used to determine the relationships between intensity of 
exposure and mortality, were examined for evidence of organic injury at varying times follow- 
ing removal trom the chamber 

Repeated Exposures—A_ sheet-steel chamber of about 450 liters’ capacity was used for 
exposures at 400 and 200 ppm and a rectangular, galvanized sheet metal box of about 1,700 
liters’ capacity was used for exposures at 100, 50, 25, 10, and 5 ppm. The concentrations of 400 
and 200 ppm were obtained by passing a metered amount of air through a vaporizer containing 
liquid carbon tetrachloride and into the constant air flow entering the chamber. The other 
concentrations were obtained by metering liquid carbon tetrachloride and vaporizing this into the 
air flow entering the chamber. By means of a continuously recording analyzer, it was shown 
that in every case the vapor concentration was held within 10% of the desired concentration. 

In the repeated-exposure experiments the vapor concentration was established after animals 
had been placed in the chamber, the required amount of carbon tetrachloride being atomized 
into the chamber with thorough mixing by means of fans. The air flow and the carbon tetra- 
chloride feed were then started so as to maintain the concentration desired. 

All of the animals used in these experiments were carefully selected on the basis of general 
appearance, body weight, and growth during a preliminary period of observation. In each 
experiment, two groups of controls were used, well-matched with the experimental animals in 
respect to number, age, sex, and body weight. The “unexposed controls” were simply maintained 
in the animals’ quarters, while the “air-exposed controls” were subjected repeatedly to room air 
in a chamber similar to that used for the carbon-tetrachloride-exposed animals. Routinely, the 
animals were placed in the chambers seven hours daily five days a week unless otherwise 
indicated. 

Phroughout the experimental period each animal was weighed twice a week and observed 
frequently for general appearance and behavior. Growth curves were drawn for each group and 
records were kept of food consumption and mortality. During the course of the experiments, 
periodic hematological examinations were made on selected groups. Animals that were obviously 
ill were killed for examination. All survivors were killed and examined for evidence of organic 
injury on the day following the last exposure. 


Examination for Organic Injury —All of the animals examined for organic injury were 
fasted overnight, then killed by decapitation. Observations were made on the gross appearance 
of each animal, and final body weights were obtained. The lungs, heart, liver, kidneys, spleen, 

8. Irish, D. D., and Adams, E. M.: Apparatus and Methods for Testing the Toxicity of 
Vapors, Indust. Med. (Indust. Hyg. Sect.) 2:1-4, 1940. 
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and testes were weighed, and tissues were saved for the preparation of sections to be stained 
with hematoxylin and eosin. In many instances sections were also obtained from the following 
organs: adrenal, pancreas, stomach, intestine, bone marrow, urinary bladder, ureter, lymph 
nodes, muscle, brain, and optic nerve. Frozen sections of liver and the kidney were stained with 
Sudan IV and/or Oil Red 0. 

In many cases, blood was obtained at the time of autopsy for the determination of urea 
nitrogen * and/or total nonprotein nitrogen, serum phosphatase,'® and plasma prothrembin clot- 
ting time by a modification of the method of Quick.'! Likewise, in many cases a portion of the 
liver was frozen with solid carbon dioxide (dry ice) for subsequent lipid analyses. Total lipid 
was determined gravimetrically on an alcohol-ether extract; phospholipid was calculated from 
the total phosphorus content; free and esterified cholesterol were determined by separation as 
the digitonide and use of the Liebermann-Burchard reaction; neutral fat was calculated by 
difference 

Wherever possible, the t-test!? was used in comparing the mean values obtained on the 
carbon tetrachloride-exposed groups with those of the “air-exposed controls” or “unexposed 
controls” as designated; probability values (/’?) of less than 0.05 indicated a_ significant 
difference. 

RESULTS OF SINGLE EXPOSURES—RATS 

Mortality from Single Exposures —The total number of rats used and the 
number that died for each exposure are listed in Table 1. From these data, the 
exposures producing 100% and Of kill were plotted in Chart 1. Through these 
points the line .4B was located by inspection to represent the exposures of minimum 
intensity causing the death of all rats tested and the line C/) was located to represent 
the exposures of maximum intensity allowing the survival of all rats tested. 

Nature of Acute Toxic Effects —Carbon tetrachloride had a marked depressant 
action on the central nervous system manifest by drowsiness or stupor at 4,600 ppm 
and less, by stupor plus loss of equilibrium and coordination at 7,300 ppm, and by 
these effects plus unconsciousness at 12,000 and 19,000 ppm. This depressant action 
was apparently the cause of nearly all deaths at 19,000 ppm and a few at 12,000 
ppm, since these deaths occurred during or immediately after exposure, with 
evidence of respiratory failure. 

In animals that survived the acute depressant action, an additional (organic ) 
injury of considerable magnitude was indicated by the following observations : 
(a) abnormal behavior and appearance; (>) weight loss reaching a maximum as 
long as three days after exposure and requiring a week or more for recovery, and 
(c) delayed deaths, most within three days and all within four days. 

The examination of special groups of rats killed 16 to 24 hours after receiving 
single exposures within the range bounded by ABCD, Chart 1, revealed marked 
hepatic injury. This was demonstrated by an increase of plasma prothrombin clot- 
ting time, an increase of serum phosphatase, an increase of liver weight, an increase 
of total lipid content of the liver, and by central fatty degeneration of the liver, 


9. Barker, S. B.: The Direct Determination of Urea in Blood and Urine, J. Biol. Chem 
152 :453-463, 1944. 


10. Hoffman, W. S.: Photelometric Clinical Chemistry, New York, William Morrow & 
Company, 1941, pp. 138-149. 


11. Quick, A. J.; Stanley-Brown, M., and Bancroft, F. W.: Study of the Coagulation Defect 
in Hemophilia and in Jaundice, Am. J. M. Se. 190:501-511, 1935. 


12. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 7, London, Oliver & Boyd, 
Ltd., 1938. 
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Taste 1.—Mortality Resulting from Single Exposures of Rats to Carbon Tetrachloride Uapor 


Rats 
Vapor Concentration 
Number Number 

PPM Me. Liter Exposure, Hr Exposed That Died 
19,000 119.7 1 
02 1 
0.3 5 3 
05 5 2 
O06 15 “4 
0.7 5 5 
Os 5 4 
1.0 19 9 
20 
12,000 756 0 
O05 10 1 
1s 10 3 
2.0 10 
40 10 ~ 
0 20 20 
7,300 46.0 10 20 0 
15 20 0 
2.0 10 1 
10 i 
4.0 4 
64 10 6 
76 10 4 
8.0 
4,600 29.0 5.0 ?0 0 
6.0 1 
ao 10 9 
3,600 29.7 20 4 
12.0 10 1 
8,000 18.9 8.0 0 
10.0 30 1 


* Twenty rats were exposed until all were dead, The first death occurred at 7 minutes; the last death, 
at 2 hours, 10 minutes 


Pane 2—Estimation of Single Exposures to Carbon Tetrachloride l'apor Having No Adverse 
Effect Upon Male Rats 


Exposure, Hr 
Vapor Concentration 


Without With 
PPM My. I Adverse Effect Adverse Effect 
12,000 Toa 0.05 
18.9 01 O15 
sO) 5.0 0.5 10 
400 2 10 
loo 0.68 7.0 
0.32 7.0 
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evident upon gross and microscopic examination. Renal injury was not apparent 
in these animals, nor were there significant pathological changes in the other organs 
examined, 

Single Exposures Having No Adverse E ffect—The studies made to determine 
the nature of the toxic effects of the inhalation of carbon tetrachloride vapor were 
extended to show the single exposures of maximum intensity without resultant 
evidence of any toxic injury. The results of experiments using groups of three or 
four male rats each, are summarized in lable 2 


Ty 


MONKEY & 


VAPOR CONCENTRATION IN PPM 


RABBIT 


GUINEA PIG H 
ditt Litits 
05 10 .30 1.0 3.0 70 


OURATION OF EXPOSURE IN HOURS 


Chart 1.—Vapor toxicity of carbon tetrachloride. Line 4B represents the least severe single 
exposures causing death of all rats tested and line C/) the most severe single exposures per- 
mitting survival of all rats tested. Line EF represents the most severe single exposures without 
detectable adverse effect and line G// the most severe repeated exposures without detectable 
adverse effect in rats. Points, //, H’', and H” represent the most severe repeated exposures 
without detectable adverse effect in the guinea pig, the rabbit, and the monkey, respectively. 
Line G”H/" represents the most severe repeated exposures with little probability of adverse 
effect in human subjects. 


From these data the line EF, Chart 1, was located by inspection to represent 
the exposures of maximum intensity without detectable adverse effect. 

The evidence of toxic effect produced by the excessive exposures below the 
lethal range consisted of the following changes in the liver: increase of weight, 
increase of per-cent total lipid, and gross and microscopic evidence of fatty 
degeneration. 


RESULTS OF REPEATED EXPOSURES OF SHORT DURATION—RATS 
Concentration: 400 PPM (2.52 Mq./Liter)—1.0 Hour Daily: During the 
course of 33 exposures, in a period of 46 days, groups of five male and five female 
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rats exhibited a slight depression of growth. Otherwise, they gave no evidence of 
adverse effect as judged by gross appearance and behavior. At autopsy, organ 
weight studies showed a significant increase in the weight of the liver. Histo- 
pathological examination of the liver revealed slight to moderate fatty degeneration 
and cirrhosis 

0.3 Hour Daily: Five rats of each sex received 33 exposures in 46 days. A 
slight retardation of growth was exhibited by the male rats. There was a slight 
increase of the weight of the liver, more significant in the males than in the females, 
with slight fatty degeneration but no cirrhosis. 

0.1 Hour Daily: Five rats of each sex received 33 exposures in 46 days. The 
male rats showed a questionable depression of growth, Histopathological examina- 
tion of the liver revealed a few scattered fat vacuoles. 

0.05 Hour Daily: Six male and 6 female rats tolerated 67 exposures during a 
period of 94 days and showed no evidence whatsoever of adverse effect as judged 
by gross appearance and behavior, growth, mortality, final body and organ weights, 
and gross and microscopic examination of the tissues. 


Concentration: 100 PPM (0.63 Mg./Liter).—O0.3 Hour Daily: Groups of 6 
male and 6 female rats tolerated 67 exposures during a period of 94 days and 
showed no evidence of adverse etfect as judged by gross appearance and behavior, 
growth, mortality, final body and organ weights, and gross and microscopic exami- 
nation of the tissues. 


RESULTS OF REPEATED SEVEN-NOUR EXPOSURES 

Concentration: 00 PPM (2.52 Mqg./Liter).—(a) Rats: Groups initially con- 
sisting of 15 male and 15 female rats suffered severe intoxication, such that only 
2 males and 7 females survived 127 exposures during a period of 173 days. Of the 
survivors, only the male rats showed a depression of growth. Organ weight studies 
revealed an increase in weight of the liver, up to twice that of the controls, and a 
moderate increase in the weight of the kidneys. Increases were also observed in 
blood urea nitrogen and in the neutral fat and esterified cholesterol content of the 
liver. Prothrombin clotting time was prolonged to twice that of the controls. Histo- 
pathological examination of the tissues showed central fatty degeneration with 
cirrhosis of the liver and slight parenchymatous degeneration of the tubular epithe- 
lium of the kidneys. The spleen was notably congested, and the germinal elements 
of the testes showed moderate to marked degeneration. 

l-xamination of additional groups of two female rats each showed the liver and 
kidney changes to be well advanced within two weeks. As few as five exposures in 
live days produced moderate central fatty degeneration without cirrhosis in the 
liver. This fatty degeneration was accompanied by slight cirrhosis in the livers of 
the female rats that received 10 exposures in a period of 12 days. 

(>) Guinea Pigs: Groups initially consisting of eight male and eight female 
guinea pigs experienced severe intoxication with rapid loss of weight. Most of the 
animals were dead within four weeks. However, one male and one female guinea 
pig survived 168 exposures during a period of 232 days. Examination of the two 


survivors, some of the animals killed when moribund, and of other special groups 


of guinea pigs given 9 and 20 exposures in 11 and 27 days, respectively, revealed a 
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conspicuous increase in the weight of the liver with moderate central fatty degenera- 
tion and moderate cirrhosis. The kidneys likewise were increased in. weight and 
showed slight degeneration of the tubules. Minor nonspecific pathological changes 
were observed also in the adrenals, spleen and testes. 

Concentration: 200 PPM (1.26 Mg./Liter).—(a) Rats: Groups consisting 
initially of 15 male and 15 female rats received 138 exposures in a period of 192 
days. Six males and nine females survived the experiment, with only the male rats 
showing a depression of growth. Their hematological values were similar to those 
of the controls. Serum phosphatase values were within normal limits, but blood 
nonprotein nitrogen, blood urea nitrogen, and plasma prothrombin clotting time 
were increased. The weights of the liver and the kidney were increased, whereas 
the weight of the testes was decreased. Liver concentrations of neutral fat and free 
and esterified cholesterol were obviously increased, but the phospholipid values were 
similar to those of the controls. [listopathological examination revealed moderate 
to marked fatty degeneration, cirrhosis, and areas of complete necrosis in the liver. 
The kidneys showed slight to moderate parenchymal degeneration of the tubular 
epithelium. In the testes, some tubules showed complete atrophy of the germinal 
elements. 

The examination of two female rats that received 10 exposures in 13 days 
revealed moderate central fatty degeneration with slight cirrhosis. However, no 
pathological changes were found in the other tissues examined. 

(b) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs experienced a severe intoxication similar to that observed at 400 ppm. 
Only three males and one female survived 184 exposures during a period of 258 
days. The weights of the liver and the kidneys were increased. Histopathological 
examination revealed moderate fatty degeneration and moderate cirrhosis in the 
liver. The kidneys showed slight tubular degeneration. The pathological changes 
in the liver, but not those in the kidney, were found to be well advanced in two 
guinea pigs that had been subjected to 14 exposures during a period of 20 days. 

Concentration: 100 PPM (0.63 Mg./Liter).—(a) Rats: Groups consisting 
initially of 15 male and 15 female rats tolerated 146 exposures in 205 days without 
evidence of adverse etfect as judged by gross appearance and behavior, growth, 
periodic hematological examination, final body weight, blood nonprotein nitrogen, 
blood urea nitrogen, and serum phosphatase. Mortality among the males appeared 
slightly excessive. Plasma prothrombin clotting time was approximately double 
that of the control rats. An increase of liver weight was found, and histopathological 
examination revealed moderate fatty degeneration and moderate cirrhosis. Partition 
studies of the liver lipids showed a moderate decrease in phospholipid, a moderate 
increase in neutral fat, and a seven-fold increase in esterified cholesterol with no 
change in free cholesterol in comparison with the control rats. 

Moderate central fatty degeneration, but no cirrhosis, was found in the livers 
of two female rats that received 15 exposures during a period of 20 days. 

(hb) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs experienced an obvious intoxication, manifested by loss of body weight 


and increased mortality for a period of about three weeks. Aiter this initial period, 


surviving animals grew at a rate equal to that of the controls. (ine male and four 
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females survived 167 exposures in 232 days. The weight of the liver was increased 
in these animals. Histopathological examination of the liver revealed moderate 
fatty degeneration and moderate cirrhosis 

examination of additional groups of two female guinea pigs each showed the 
fatty changes of the liver to be well advanced within two weeks. The livers of 
animals that received five exposures in five days showed marked cloudy swelling 
of the central areas. Guinea pigs that were subjected to 10 exposures in 13 days 
had detinite fatty degeneration throughout all portions of the liver lobules. 

(¢) Rabbits: One male and two female rabbits survived 149 exposures in 210 
days but suffered a significant depression of growth, Plasma prothrombin clotting 
time was prolonged to about twice that of the controls. There was a slight increase 
in the weight of the liver. Histopathological examination of this organ showed 
slight to moderate fatty degeneration and slight cirrhosis. 

(d) Monkeys: Two female monkeys tolerated 163 exposures in 232 days and 
showed no evidence of adverse effect as judged by gross appearance and behavior, 
periodic hematological examination, mortality, organ weights, blood urea nitrogen, 
blood nonproteim nitrogen, serum phosphatase, plasma prothrombin clotting time, 
and Iistopathological examination of the following tissues: lung, heart, kidney, 
spleen, testis, pancreas, adrenal, stomach, small intestine, bone marrow, bladder, 
ureter, muscle, sciatic nerve, lymph gland, optic nerve, brain, and ovary. However, 
there was a very slight depression of growth in both animals. Histopathological 
examination revealed slight cloudy swelling in a few central areas of the liver from 
one monkey, whereas slight fattv degeneration was observed throughout the liver 
trom the other monkey. The total lipid content of the liver was increased in both 
cases, more so in the second animal. 

Concentration: 50 PPM (0.32 Mq./Liter).—(a) Rats: Groups consisting ini- 
tially of 15 male and 15 female rats tolerated 134 exposures in 187 days without 
gross evidence of adverse effect except for a slight depression of growth in the 
males. The liver was increased in weight. Histopathological examination of this 
organ revealed moderate fatty degeneration and slight to moderate cirrhosis. 
Chemical analyses of the liver showed large increases in total lipid, neutral fat, and 
esterified cholesterol, Plasma prothrombin clotting time compared closely to that 
of the controls. \ slight increase was shown in the weight of the kidneys of the 
female rats. No significant pathological changes were found in the kidneys from 
seven of these animals, but slight to moderate cloudy swelling of the tubular 
epithelium was observed in the kidneys of the remaining four rats. 


Exanunation of an additional group of 20 female rats that had been subjected 


to 14 exposures in 18 days revealed an increase in the weight of the liver, and slight 
fatty degeneration of the central areas demonstrable upon microscopic examination. 

(h) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs received 143 exposures in 200 days. There was an obvious retardation 
of growth during the first two weeks of the experiment, but thereafter the rate of 
growth equaled that of the control groups. Organ-weight studies showed the liver 
to be enlarged. [listopathological examination revealed moderate fatty degeneration 
and moderate cirrhosis of the liver. Plasma prothrombin clotting time and liver 
total lipid, neutral fat, and esterihed cholesterol were increased. 
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Depressed growth, increased liver and kidney weights, prolonged plasma pro- 
thrombin clotting time and moderate central fatty degeneration of the liver were 
found upon examination of an additional group of 15 male guinea pigs that had 
received 14 exposures during a period of 18 days. 

(c) Rabbits: Two male and two female rabbits tolerated 155 exposures in 216 
days. There was a slight depression of growth, and liver and kidney weights were 
increased slightly. Plasma prothrombin clotting time was prolonged to 1.5 times 
that of the controls. Blood nonpretein nitrogen, blood urea nitrogen, and serum 
phosphatase values were not significantly different from the control values. Histo- 
pathological examination revealed moderate fatty degeneration and moderate cir- 
rhosis of the liver. 

(d) Monkeys: Two male monkeys tolerated 198 exposures in 277 days. 
\Ithough one animal did not grow as well as the other and as did the controls, there 
was no evidence of adverse effect in either case as judged by gross appearance 
and behavior, periodic hematological examination, organ weights, blood urea nitro 
gen, blood nonprotein nitrogen, serum phosphatase, plasma prothrombin clotting 
time, liver total lipid, phospholipid, neutral fat. and free and esterified cholesterol. 
and gross and microscopic examination of the tissues 

Concentration: 25 PPM (0.16 Mg./Liter).—(a) Rats: Groups consisting int- 
tially of 15 male and 15 female rats tolerated 137 exposures in 191 days. Although 
there was early evidence of growth depression in the male rats, the final body 
weights were not significantly different statistically from those of the controls. 
The growth curve of the female rats was essentially the same as those of the two 
control groups. The weight of the liver was increased significantly ; histopathological 
examination revealed slight to moderate fatty degeneration but no cirrhosis. The 
total lipid content of the liver was approximately twice that of the controls, whereas 
esterified cholesterol was increased fivefold. Phospholipid and neutral fat were not 
determined for the liver samples. There was no evidence of adverse effect as judged 
by gross appearance and behavior, mortality, periodic hematological examination, 
blood nonprotein nitrogen, blood urea nitrogen, plasma prothrombin clotting time, 
serum phosphatase, and weights and histopathological examination of organs other 
than the liver. 

Additional groups totaling 20 female rats received as many as 13 exposures in 
17 days. Examination of these animals revealed that the pathological changes and 
the increases in lipid fractions in the liver were well developed within this period 
of time. 

(b) Guinea Pigs: A group of five male guinea pigs received 133 exposures in 
185 days, and a group of five female guinea pigs received 93 exposures in 126 days. 


These animals exhibited a retardation of growth and an increase of the weight of the 


liver. Plasma prothrombin clotting time was increased slightly. Liver total lipid 


Was approximately double the control average value, whereas esterified cholesterol 
was increased fivefold. Neutral fat and phospholipid determinations were not made. 
Histopathological examination revealed slight to moderate fatty degeneration and 
cirrhosis of the liver. 

Examination of an additional group of 21 female guinea pigs showed that the 
above response, excepting cirrhosis of the liver, was well dev eloped after 12 expo- 
sures in 16 days. 
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(c) Rabbits: Two male and two female rabbits tolerated 178 exposures in 
248 days, without evidence of adverse effect as judged by gross appearance and 
behavior, mortality, growth, final body weight, blood nonprotein nitrogen, blood 
urea nitrogen, serum phosphatase, plasma prothrombin clotting time, and micro- 
scopic examination of the tissues other than the liver. The liver was increased in 
weight, and histopathological examination revealed slight to moderate fatty degen- 
eration and slight cirrhosis. 

(d) Monkeys: One male monkey tolerated 148 exposures in 212 days without 
evidence of adverse effect as judged by gross appearance and behavior, growth, 
periodic hematological examination, final body and organ weights, blood nonprotein 
nitrogen, blood urea nitrogen, serum phosphatase, plasma prothrombin clotting 
time, liver total lipid, phospholipid, neutral fat, and free and esterified cholesterol, 
and gross and microscopic examination of the tissues. 

Concentration: 10 PPM (0.063 Mqg./Liter).—(a) Rats: Groups consisting ini- 
tially of 20 male and 20 female rats tolerated 136 exposures in 192 days without 
evidence of adverse effect as judged by gross appearance and behavior, growth, 
mortality, final body weights, blood urea nitrogen, and weights and histopathological 
examination of organs other than the liver. The liver was increased in weight. 
Histopathological examination of this organ revealed slight to moderate fatty degen- 
eration but no cirrhosis. The total lipid, neutral fat, and esterified cholesterol values 
of the liver were increased to more than twice the control values. 

Histopathological examination revealed slight fatty degeneration in the livers of 
a group of 18 male rats that received 13 exposures in 17 days. 

(hb) Guinea Pigs: Groups consisting initially of eight male and eight female 
guinea pigs tolerated 139 exposures in 197 days without evidence of adverse effect 
as judged by gross appearance and behavior, growth, mortality, final body weights, 
blood urea nitrogen, and weights and histopathological examination of tissues other 
than the liver. The liver was increased in weight, and histopathological examination 
of this organ revealed slight to moderate fatty degeneration without cirrhosis. The 
total lipid, neutral fat, and esterified cholesterol were increased also. 

The hepatic changes were found to be well developed in a group of 16 female 
guinea pigs that recerved 12 exposures in 16 days. 

(¢) Rabbits: Two male and two female rabbits tolerated 139 exposures in 197 
days without evidence of adverse effect as judged by gross appearance and behavior, 
growth, mortality, blood urea nitrogen, final body and organ weights, and gross and 
nucroscopic examination of the tissues. 


Concentration: 5 PPM (0.032 Mg./Liter).—(a) Rats: Groups consisting ini- 
tially of 25 male and 23 female rats tolerated 145 exposures in 205 days without 
evidence of adverse etfect as judged by gross appearance and behavior, growth 
(Chart 2), mortality, final body and organ weights (‘Table 3), blood urea nitrogen, 
total lipid of the liver, and gross and microscopic examination of the tissues. 

(b) Guinea Pigs: Groups consisting initially of nine male and nine female 
guinea pigs tolerated 143 exposures in 203 days without evidence of adverse effect 


as judged by gross appearance and behavior, growth (Chart 3), mortality, final 


body weights, and blood urea nitrogen values. Organ-weight studies (Table 4) 
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IN GRAMS 


WEIGHT 


BODY 


AVERAGE 


' 


20 30 so 60 
NUMBER OF SEVEN- HOU 


° 26 42 56 
TIME=DAYS ON EXPERIMENT 


Chart 2—Growth curves of rats that were exposed repeatedly for seven-hour periods to 
5 ppm carbon tetrachloride vapor. 
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Chart 3.—Growth curves of guinea pigs that were exposed repeatedly for seven-hour periods 
to 3 ppm carbon tetrachloride vapor, 


4 
| 
| 
Z 

- . | 

RACH 

| 
| 
4 | | 
f 
| 
80 690 00 10 120 130 140 
R EXPOSURES 

700 
7 

ef 

ANIMAL 

TAIR EXPOSED CONTROLS 4 

ie | TETRACHLORIDE } 

oo 
ANIMALS PER GROUP AT START OF ExPT| 

AIR EXPOSED CONTROLS | 
400 TETRACHLORIDE 


INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


showed a statistically significant increase in the weight of the liver in the female 
guinea pigs. However, chemical analyses of the livers gave an average value of 
5.59% for total lipid content, compared with the control value of 5.51%. No 
significant changes were revealed upon histopathological examination of the various 
organs; therefore, the exposures to 5 ppm carbon tetrachloride vapor were con- 


sidered to have been without adverse effect in the guinea pigs. 


CONCLUSIONS FROM REPEATED VAPOR EXPOSURES 


From the results given above, it is concluded that rats were not affected 
adversely hy being exposed repeatedly to 400 ppm carbon tetrachloride vapor for 
0.05 hour, 100 ppm for 0.3 hour, or 5 ppm for 7.0 hours daily, five days per week, 


Tapre 3 lverave Final Body and Organ U'eights from Rats That Received 145 Seven-Hour 


Exposures in 205 Days to 5 PPM Carbon Tetrachloride Vapor 


Ay Organ Weights, Gm. 100 Gm. Body Wt 
Body 
(roup . Rats Wt.,Gm. Lung Heart Liver Kidneys Spleen Testes 

Unexposed controls 0.65 38 O65 O88 
Air-exposed controls 3 OM 
5 ppm } 336 i: 23 0.65 O83 

nexposed controls 
Alr-exposed controls 


> ppm CCl 


frerage Final Body and Organ Weights from Guinea Pigs That Recewwed 143 
Seven-Hour Exposures in 203 Days to 5 PPM Carbon Tetrachloride Vapor 


\\ Organ Weights, Gm. 100 Gin. Body Wt 
Guinea Body 
Group Pigs Wt..Gm. Lung Heart Liver Kidneys Spleen ‘Testes 


Air-exposed controls if 0.°7 307 O08 ow 0.49 
exposed eontrols 


> ppm ly 


for periods of three to six months. These data are the basis for drawing the line 
GH, Chart 1, representing the most severe daily exposures without adverse effects 
in rats 

Maximum vapor concentrations without detectable adverse effect: other 
animal species receiving daily seven-hour exposures for six months were as follows : 
guinea pig, 5 ppm; rabbit, 10 ppm; monkey, 25 ppm. These data are represented 
in Chart 1 by points //7, and /1”, respectively. 

SIGNIFICANCE OF RESULTS 

Acute Toxicity —The addition of a measure of toxicity such as EF to the 
measures 48 and CD, Chart 1, vields a complete quantitative evaluation of acute 
vapor toxicity and affords the industrial hygienist a basis for evaluating the toxico- 


logical significance of single exposures of any duration within the limits of the data. 


Experience with seven volatile toxicants studied in this laboratory to date indicates 
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that 4B, CD, and EF show considerable variation in their relative positions as 
well as in their absolute values. The relative positions, the slopes, and the absolute 
values of these measures reveal characteristics of acute toxicity that have practical 
significance. In the case of carbon tetrachloride the relatively great distance between 
CD and EF and the evident divergence are significant. 

The practical utility of CD and EF, Chart 1, in industrial hygiene depends upon 
the accuracy with which they can be applied to human subjects. Data on the response 
made by human subjects to measured exposures '* agree remarkably well with EF ; 
none of those found to have effect fall below EF, Chart 1. Accordingly, it appears 
that this measure of toxicity is closely applicable to man, although 50 ppm for seven 
hours may seem low in view of the fact that 100 ppm has been used for many years 
as a so-called maximum allowable concentration for daily exposures. It is con- 
cluded that EF, as shown, is suitable as a standard for judging the hazard of single 
exposures for human subjects and that it will afford high assurance of no adverse 
effect whatever. 

The measure of toxicity C)), Chart 1, on the other hand, is not applicable to 
human subjects. Recorded experience '! shows that a small but significant number 
of subjects have been injured fatally at intensities of exposure which must have 
been much less than those represented by CJ). It appears, further, that the deaths 
can be attributed almost invariably to kidney injury (lower nephron nephrosis ). 
The rats supplying the data upon which C/) is based did not sutfer any kidney 
injury. Recently Gyorgy and associates '* have shown that a regimen which 
increased mortality in rats inhaling carbon tetrachloride also induced a susceptibility 
to kidney injury (necrotizing nephrosis). There is a strong suggestion here that 
the difference between the less tolerant human subject and the rat is due to a 
susceptibility to kidney injury in the former. Only a crude approximation can be 
made of the intensities of exposure lethal to man. For the most susceptible subjects 
it is probable that concentrations of less than 1,000 ppm may be dangerous on single 
exposures of several hours’ duration. 

Chronic Toxicity —The results of the repeated exposures reported here agree 
well with the results of Smyth and co-workers’'" so far as experiments have been 
duplicated. The present study was extended to the determination of repeated 
exposures without detectable injury. The prior work demonstrated the intensities 
of daily seven-hour exposures tolerable to human subjects without serious injury. 
This result, expressed in terms of a “maximum allowable concentration” of 100 
ppm, has unquestionably served to prevent serious chronic effects. Both the reports 
of Smyth and co-workers ' ° and that of Davis ' indicate the possibility of minimal 
disturbances in men breathing concentrations of the order of 1OO ppm. The present 
work, together with more recent experience in the use of carbon tetrachloride, 
permits an estimate of the exposures without any adverse chronic effect in human 
subjects. 


13. Lehman, K. B., and Flury, F.: Toxikologie und Hygiene der technischen Losungsmittel, 
Berlin, Springer-Verlag, 1938, p. 112. Davis.'4 

14. The reports of the authors included in Footnote 3, for example. 

15. Gyérgy, P.; Seifter, J.; Tomarelli, R. M., and Goldblatt, H.: Influences of Dietary 
Factors and Sex on the Toxicity of Carbon Tetrachloride in Rats, J. Exper. Med. 83:449-462, 
1946. 
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It is recognized that the quantitative results of animal experiments permit first 
approximations only for human subjects; verification is to be obtained primarily 
through actual experience. In the present work, the various species tolerated 5 to 
25 ppm of carbon tetrachloride for daily seven-hour exposures. The information 
from human experience | now indicates without much question that vapor concen- 
trations must be below 100 ppm if all disturbances are to be avoided; hygiene 
standards as low as 35 ppm have been proposed. Some private communications 
report minimal effects in men when analyses revealed as little as 25 ppm ; however, 
there have been no reports putting this information in useful form. On the basis 
of this sketchy information from human experience it is concluded that man probably 
is not more resistant than the monkey and that 25 ppm ts the highest concentration 
which may be without adverse effect in human subjects undergoing uniform daily 
exposures of seven hours’ duration. 

Industrial Hygiene Standards.—The application of such conclusions to the 
practice of industrial hygiene has been in the form of a standard usually termed 
the “maximum allowable concentration.” Although these standards have been 
published and used for many years, their nature and manner of use have not been 
delineated clearly. To a large extent these standards have been used in the sense 
of a maximum value below which concentrations in the work atmosphere must 
remain. At the same time it has been recognized that concentrations above the 
standard could be tolerated for short periods. When air samples are taken inter- 
mittently over relatively short intervals of time (5 to 30 minutes) in representative 
work locations throughout the whole workday, this concept of the standard may be 
defined as that concentration below which practically all analytical results must fall. 
Allowance for short exposures to higher concentrations is made by means of the 
personal judgment of the individual hygienist. 

\ccordingly, an industrial hygiene standard is defined as a maximum below 
which practically all analytical values must fall, and a value of 25 ppm is suggested 
for carbon tetrachloride. The extent to which vapor concentrations must fall below 
25 ppm may be indicated by the specification that the average of all analytical values 
should not exceed 1O ppm 

\ttempts at evaluating the hygienic significance of atmospheric contaminants 
promptly demonstrated a need for recognizing that concentrations vary during 
the work day. Although the concentrations in some circumstances may be relatively 
uniform throughout the day, a considerable variation is possible. Actually, the 
concentrations can show a very complex random and periodic fluctuation, par- 
ticularly in repetitive operations. The time-weighted average has heen used to 


some extent as a measure of exposures with varying concentrations of contaminant. 


In fact, certain standards (those of lead, silica, and manganese, for example) have 


heen developed largely through the correlation of time-weighted analytical values 
and medical findings in workmen. 


Che time-weighted average may be applied universally in evaluating repeated 


exposures only if two conditions are met: (a) that the numerical values of C7 


Dow Chemical Company, Midland, Mich.: Unpublished data. (>) Reports 


Beck: 
= 
— | 
i 
: 
; 
: 
3 
4 
ab 
Were 
: 
= i 
a included in Footnotes le, ld, and 2 


ADAMS ET AL—lVAPOR TOXICITY OF CARBON TETRACHLORIDE 65 


(concentration time) are directly proportional to severity of toxic effect for all 
possible values of C and T (CT = K), and (>) that the toxic effect or “value” of 
any one component of a day’s exposure, C,7,, is the same regardless of its chrono- 
logical relationship to other components, C,T,, C.T., ete. Actually, it is known 
that CT does not correctly portray the “toxicity value” of exposures, although the 
numerical results may be nearly constant in some instances and over limited ranges. 
There appears to be no information whatever bearing upon the second condition. 
Accordingly, it must be concluded that at present there is no scientific basis for 
the use of the time-weighted average to integrate varying exposures. No hygiene 
standard of this nature can be proposed for carbon tetrachloride. As a step toward 
achieving a better means of evaluating the significance of the repeated exposures 
of workmen, the response of rats to daily exposures of duration other than seven 
hours was determined. The data obtained permit the drawing of line G//, Chart 1, to 
represent the most severe exposures, of durations from 0.05 to 7 hours, without any 
adverse effect. Such a measure of toxicity, when shown to be applicable to man, has 
the obvious advantage of affording a basis for evaluating workmen's exposures of 
durations other than seven hours. It also permits a more accurate evaluation of 
certain variable exposures when these can be separated into components each of 
relatively uniform concentration. .A comparison of these various components with 
such a measure of toxicity as line GH permits a much more accurate, personal judg- 
ment of the significance of the whole than does a comparison with a single value 
standard. Further, this comparison demonstrates the relative importance of the 
various components, permitting a more intelligent and efficient attack upon an 
excessive exposure. 

The measure of toxicity, line G//, Chart 1, may be adjusted tentatively for the 
apparently greater resistance of human subjects. Thus, the line G’H”. drawn paral- 
lel to GH and through the point 25 ppm 7 hours, is suggested as an additional 
guide to the industrial hygienist. It must be kept in mind, however, that line 


G"H" Chart 1, represents estimated maximum intensities that man may be exy 


rected 
to tolerate without any adverse effects and that it does not necessariiy hold for an 
integrated exposure with varying concentration. 

An unusual susceptibility to nausea and vomiting has been noted 1 
subjects and is described by Stewart and Witts."7 


in human 
This increased susceptibility 
seems to occur in a small proportion of subjects following one or more excessive 
exposures, and it takes on the aspect of a conditioned reflex, since nausea and even 
vomiting can be initiated by various odors and mental associations. Subjects show- 
ing this altered susceptibility must be treated as hypersensitive ; their reaction cannot 
be the basis for establishing standards of hygiene. 


SUMMARY 


Single exposures of rats to carbon tetrachloride permitted the graphing of lines 
representing the following measures of toxicity : 


(a) the least severe single 
exposures causing the death 


of all rats tested, (>) the most severe single exposures 
17. Stewart, A., and Witts, L. J.: 
Indust. Med. 1:11-19, 1944. 


Chronic Carbon Tetrachloride Intoxication, Brit. AP 
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permitting the survival of all rats tested, and (c) the most severe single exposures 
without detectable adverse etfect in rats. The latter measure of toxicity is suggested 
as a standard for evaluating single exposures of workmen. 

When animals were subjected to daily seven-hour exposures five days a week, 
the maximum vapor concentrations without adverse effect were 25 ppm for the 
monkey, 10 ppm for the rabbit, and 5 ppm for the rat and the guinea pig. In 
addition the following exposures caused no detectable injury in rats: 400 ppm for 
0.05 hour daily and 100 ppm for 0.3 hour daily. 

The acute toxic effects observed in rats were depression of the central nervous 
system and injury of the liver. The most important toxic effect resulting from 
repeated exposures was injury of the liver, effects in other organs being relatively 
minor, 

The philosophy of standards of industrial hygiene is discussed. A standard for 
evaluating regular daily exposures is defined as the concentration below which 


practically all results of analysis of workroom air must fall. The value of 25 ppm is 


suggested as this standard for carbon tetrachloride. The extent to which vapor 
concentrations must fall below 25 ppm is indicated by the specification that the aver- 
age of the analyses should not exceed 10 ppm. 


Mrs. Norabelle T. Williams performed the analytical work on lipid constituents. 
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PROTECTION AFFORDED BY CLOTHING AGAINST RADIATION HAZARDS 


F. R. HOLDEN, Ph.D. 
SAN FRANCISCO 
AND 


A. F. OWINGS, BS. 
BERKELEY, CALIF 


\ JHENEVER it is necessary to protect a person against his environment, con- 
‘Y sideration is always given to the possibilities of specially devised protective 
clothing. Thus, diving suits have been developed for underwater work, asbestos 
suits for fire fighting, and rubber suits for protecting against noxious chemicals. 
Heavy aprons and gloves in which lead has been incorporated have been devised 
for the protection of x-ray and radium technologists. This article considers how 
protective clothing can be profitably used to minimize those hazards peculiar to 
atomic and radiological warfare. 

It seems justifiable to assume that no type of clothing can provide significant 
protection against the high neutron and gamma fluxes from an atomic bomb blast, 


since these penetrating radiations can be stopped only by massive protective barriers. 


Obviously, several hundred pounds of protective barrier cannot be incorporated in 


clothing ; however, in some cases mechanized shields can be built, behind which men 
can work safely in areas of high gamma radiation. 

Although clothing atfords no protection against high neutron and gamma fluxes, 
it does protect against alpha, beta, infrared, and ultraviolet radiations. Experience 
gained at Hiroshima and Nagasaki, in Japan, demonstrated, the value of light-colored 
clothing in diminishing the effect of flash burns in the range from 2,000 to 4,000 yd. 

After an atomic explosion, there will be an area of variable size contaminated 
by radioisotopes emitting a-, 8-, y-, and x-radiations. These radiations are always 
present together, and protective measures must cope with the combination. In 
particular, effective protection against 8-rays must also cope successfully with the 
y-radiation that accompanies B-emission. In contrast to the multiple radiations 
from the atomic blast, radiological warfare may create a situation where the hazard 
will be principally a single radiation. Protective measures in either event must take 
into account (a) direct radiation: a-, B-, y-, and x-rays; (>) inhalation or ingestion 
of radioisotopes ; (c) body and clothing contamination. 


Dr. Holden is Associate Chief, Chemical Technology Division, United States Naval 
Radiological Defense Laboratory, San Francisco. 

Mr. Owings formerly was with the United States Naval Radiological Defense Laboratory 
and is now a graduate student at the University of California, Berkeley. 
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DIRECT RADIATION 


Alpha Emitters.—Alpha emitters from an area contaminated by an atomic bomb 
burst can cause personnel damage only when they enter the body. Thin clothing, 
1 or 2in. (2.5 to 5m.) of air, or the outer layer of the skin will stop the a-radiation 
completely. Protecting against external contact with a-radiation is relatively easy, 
but the hazard created when the radiation contacts the body internally 1s very severe 
and is considered in a subsequent section. 

Reta Emittcrs.—Ordinary clothing can reduce a B-ray flux from combined fission 
products significantly. The average of the maximum £-energies several weeks 
after an atomic explosion is of the order of 1.0 mev. Table 1 shows the stopping 
power of ordinary clothing. 

In order to check the validity of the calculated percentage reduction of 8-radiation 
which clothing should afford, measurements were made of the reduction of the 3.1 
mey beta ray from radioactive praseodymium (Pr'*!). The light clothing reduced 
the 8-tlux 4%, and the heavy clothing reduced it 12%. These reductions compare 
favorably with the calculated values of 4% and 10%. 


Taste 1 alculated pe ent Reduction of B-Rays by Ordinary Clothing 


p-energy, mevy 
Approximate half-value layer 
Percentage reduction of 
clothing? 
Percentage reduction of S-radiation 


clothing 


* The half-value layer is the approximate thickness of aluminum, in milligrams of aluminum per square 

centimeter. which would reduce the §-radiation to one-half of its original intensity. It is assumed as a good 
! m that clothing of the same thiekness will cause equivalent reduction in §-flux, 

ym the Marine fatigue uniform was taken as representative of light clothing. Its weight was 

approxime me. sq. em. Tr from the Marine fatigue uniform were taken as representative of 

heavy clothin Their weight was approximately 29 mg./sq. em. 


\n idea of the spectrum of beta energies which the various fission products emit, 
from explosion time onward, can be obtained through use of the amounts of the 
various fission products given in the publications of Hunter and Ballou ' and Condit, 
Dyson, and Lamb.’ It should be noted that the radiation of the fission products 
produced by an atomic blast always combines B- and y-rays. This circumstance is 
analogous to one in which a warrior wearing medieval armor is simultaneously 
exposed to an equal fire of arrows and bullets. The armor atfords full protection 
against the arrows and less against the bullets. Similarly, clothing may protect 
adequately against the 8-rays but is not sufficient protection against the y-radiation. 

Beta emitters are particularly hazardous at short range, for example, when the 
skin is contaminated. The deposition of fission products on clothing instead of the 
skin produces a highly significant reduction of the radiation hazard because of the law 
that intensity of radiation is inversely proportional to the square of the distance 
between the source and the irradiated surface. The effect of the inverse square 
law is most significant for spot contamination and less so as the condition approaches 


1. Hunter, H. F., and Ballou, N. E.: Simultaneous Slow Neutron Fission of U2%5 Atoms: 
I: Individual and Total Rates of Decay of the Fission Products, NRDL Report No. AD-65(C). 

2. Condit, R. 1.; Dyson, J. P., and Lamb, W. A. S.: An Estimate of the Relative Hazard 
of Beta- and Gamma Radiation from Fission Products, NRDL Report No. AD-95(H). 
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an infinite field. Because of the higher specific ionization of 8-particles, protection 
against them will reduce complications arising from skin burns where these are super- 
imposed on whole-body irradiation by y-rays. 

Gamma Emitters ——In experiments,’ with animals, results show that certain 
regions of the body are more sensitive than others to the lethal effects of x-rays and 
y-rays. Experimenters seem to agree that the abdomen is the most vulnerable part 
of the body, but there is wide disagreement in the literature as to further localization 
of the apparent sensitivity. The most recent work * on the partial body-shielding of 
rats with lead strips indicates that shielding the abdomen results in a significant 
rise in the L..D.59 threshold. Such data suggest the possible value of lead abdominal 
bands for the protection of personnel operating in an area heavily contaminated by 
radioactivity. The weight of lead bands sufficient to reduce the abdominal dose by 
50% would vary from 10 to 40 Ib. (4.5 to 18 kg.), depending upon the energy of 
radiation (0.5 to 7 mev). 

With the exception of soft x-rays, shielding against y-radiation by means of 
clothing is not feasible because of the weight factor. The data in Table 2 show 
that a 170-Ib. (77-kg.) man would require a suit weighing more than 300 lb. (136 


TasBL_e 2.—Pounds of Lead Clothing Needed to Reduce y-Flux by 50% 


7y-energy, mev 0.7 
Absorption 11 
Half-value layer, inches (mm.)*.......... 0.16 0.18 


Ss 0.0068 0.082 
(77 kg.) man; total surface—3,200 sq. in : 210 235 265 305 385 45 


* The half-value layer is the approximate thickness of lead which will reduce the y-ray intensity to one- 
half of its original value. 


kg.) to reduce the intensity of 1 mev y-rays by approximately 50%. This would 
destroy mobility, if indeed the load could be carried! A mechanized protective 
carrier (a tank) would have some merit because of the shielding ability of its armor. 
Similarly, a specially devised mechanized shield could be built to enable personnel 
to maneuver safely in high-intensity radiation fields. 


INHALATION OR INGESTION OF RADIOISOTOPES 

All types of radioisotopes may be hazardous if taken into the body by inhalation 
or ingestion. Because of their great specific ionization, a-rays are more damaging 
in the body than B-rays or y-rays. Similarly, B-rays are more damaging internally 
than y-rays. Some recent opinions from an authoritative source indicate that long- 


lived B-emitters in the lung may be as hazardous as a-emitters.’ Radioisotopes in 


3. Warren, S., and Whipple, G. H.: J. Exper. Med. 35:187, 203, and 213, 1922; 38:713, 
725, 731, and 741, 1923. Warren, S., and Friedman, N. B.: Arch. Path. 33:326, 1942. Moon, 
V.H.: Shock: Its Dynamic Occurrence and Management, Philadelphia, Lea & Febiger, 1942. 

4. Craver, B.: Am. J. Roentgenol. 59:404, 1948. Bond, V. P.; Swift, M. N.; Allen, A. C., 
and Fishler, M. C.: Sensitivity of the Abdomen of the Rat to X-Irradiation, NRDL Report 
No. AD-92(B). 


5. Morgan, K. Z.: Personal communication to the authors, from Oak Ridge National 
Laboratory, December, 1948. 
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the body are in direct contact with tissues, and the low penetration of a-rays and 
B-rays serves only to concentrate their effects in a limited area, thereby causing 
great local damage. 

Radiological protection atforded by clothing depends on controlled use as a 
part of the operation of a decontamination center. Proper control of protective 
clothing can reduce the hazard of ingestion of radioisotopes by preventing the 
increase of contamination of the clothing from continuous, uncontrolled use. 
Ingestion occurs when radioactive materials are transferred from the clothing to 
the mouth via the hands. Smoking and eating during a period of exposure are 
expressly dangerous. 

Respiratory protectors may be regarded as a type of protective clothing especially 
designed to safeguard the respiratory system. Obviously in atomic or radiological 


warfare, respiratory protectors will be required to prevent the inhalation of radio- 


isotopes. Biological and chemical warfare also present inhalation hazards. A single 


Taste 3.—Tolerance Concentrations of Some Radioactive Isotopes in Atr* 


Mierocuries Micrograms 
Isotopes Ce. of Air 


3 Not given 
lv 19 1 x 16 13 
‘ 1-5 2.3 10-* 


3 x 10-9 10-14 


* Morgan, K. Z.: Tolerance Concentrations of Radioactive Substances, J. Phys. & Colloid Chem. 51:984- 
1003, 1947. See also National Bureau of Standards Handbook 47, June 29, 1951, for values recommended by 
the International Commission on Radiological Protection and Radiological Units. General Rules of Pro- 
cedure for the Distribution of Radioisotopes: Title Il, Atomie Energy, Atomie Energy Commission, Nov. 1, 
Ch. 
respiratory device should be capable of protecting against all inhalation hazards, 
since it is highly impractical to use two or more devices to cover different exposures 
under battle conditions. 

Respiratory protectors may be affected by the nature of radiation involved. If 
experimental work indicates that electrical charge has an appreciable effect on filtra- 
tion, modification of currently approved devices may be required. Equipment like 
the RBA (respiratory breathing apparatus) will be independent of filtration prob- 
lems, but face-leakage is a shortcoming which must be considered. The comfort and 
mobility factors are serious drawbacks to such equipment, as is the short life of its 
canister (30 minutes). 

It has been suggested that the radioactivity concentrated in a respirator filter 
could become a significant source of external radiation. However, total-body radia- 
tion from the radioactivity in the air would be far more significant than would the 
radiation from a filter under any ordinary conditions of use. 
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HOLDEN-OWINGS—PROTECTION BY CLOTHING-RADIATION 


The radiotoxicity of elements is dependent upon a number of factors : 


Type of radiation (a > B > y). 


Energy of radiation (high > low). 
Half-life (long > short). 
4. Decay products (a function of the specific radio element ). 


5. Metabolism of the element (soluble, bone seekers are bad). 


6. Type and degree of storage in the body (concentration in a radiosensitive 
organ is dangerous ). 


| 


Physical state (fine state of subdivision is more hazardous). 


» 


x 


Physical condition of the host. 

9, Species (specificity is frequently pronounced ). 

Table 3 shows the concentrations of some radioactive isotopes in air that may be 
tolerated. 


BODY AND CLOTHING CONTAMINATION 


Although clothing gives a limited protection against external radiation, the con- 
trolled use of clothing not only lessens body contamination and minimizes the hazards 
of ingestion and inhalation but also helps to prevent the spread of radiocontaminants 
from hot areas to clean ones. [Experience gained during Operation Crossroads 
demonstrated that the gross contamination of radioactive substances carried on shoes, 
gloves, etc., was important. There have been numerous cases in which such sub- 
stances have been carried on shoes to previously clean areas. Proper use of protective 
clothing can eliminate the spreading of radioisotopes by human carriers (the atomic- 
age counterpart of Typhoid Mary). The decontamination problem becomes seriously 
complicated if radioactive substances are allowed to spread because of inadequate 
control procedures. The need for decontamination centers becomes obvious. 


The effective use of protective clothing implies more than the provision of the 


clothing. It is necessary to provide facilities for storing, dispensing, and washing the 
clothing. Personnel and the clothing that they wear must be monitored regularly 


to detect contamination. Such monitoring is the primary step in a proper decon- 
tamination procedure. Shower rooms with adjacent segregated clean and contami- 
nated areas are necessary for the proper control of the: hazards of radioactivity. 
Decontamination centers should be provided as a basic part of the radiological safety 
program.® 


There is some danger from the radioactivity accumulated on clothing. The prin- 
cipal factors creating such dangers are the nature of the contamination, the amount 
of the contaminant, and the length of time that the clothing is worn. The nature 
of the contamination is determined by both the type of radiation and its energy. 

Radioactive substances may be absorbed by the blood or the lymphatic systems 
if there are cuts or abrasions of the skin. This hazard is of major importance, since 
a few micrograms, or at the most, milligrams, of some radioisotopes, absorbed into 
the blood stream via breaks in the skin could be fatal. Radioisotopes may also 
accumulate on hair, in pores or wrinkles of the skin, or under finger nails. Accumula- 
tions on the skin or under the nails are dangerous because of direct radiation, and 


6. Shipyard Industrial Radiological Manual, U. S. Department of the Navy, Bureau of 
Ships, June 25, 1948. 
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they offer some possibility that the radioactive substances may be ingested. Clothing 
which will provide complete coverage of the body could protect against these hazards. 
Such clothing should also be impervious to biological and chemical warfare agents. 

To our knowledge, no experiments have been made that would show the degree 
of importance to be attached to the eve as an entry point for radioactive particles. 
It is well known that some chemicals present as gases or vapors can penetrate the 
eye and damage it seriously. It seems reasonable that radioactive particulate matter 
could lodge on the eye and gain access to the body via the tear ducts. Such penetra- 
tion of the eve would be highly dangerous. On the basis of these qualified conclusions 
it seems justifiable to require eye protection as an essential part of the radiological 
safety program. 


EMERGENCY CONDITIONS 


If atomic warfare is used against the nation, both military and civilian personnel 
will encounter radioactive contamination under emergency conditions. Obviously, 


the civilian population should be prepared in advance by educational programs to 
care for themselves under circumstances where no trained personnel or special 
facilities are available. Such preparations should emphasize the need for emergency 
decontamination centers. The basic requirements of these centers are laundry facil- 
ities, monitoring instruments, and showers that have segregated clean and con- 
taminated areas on either side of them. As the most practical way of establishing 
emergency decontamination centers, it is suggested that units now planned to cope 
with the contamination caused by biological and chemical warfare be modified to 
provide protection against radioactive contamination. 

Burning of radioactive waste under controlled conditions that insure collection 
of all volatilized radioactive substances may be possible. However, such procedure 
should not be undertaken unless it is certain that the collection of volatilized radio- 
active materials is highly efficient or that their dilution is well below tolerance values. 
f.xperience with industrial poisons such as lead, cadmium, and beryllium has shown 
that volatilized toxic substances are extra hazardous because the fine particle size 
increases the extent of respiratory penetration. 

If emergency conditions occur when no prepared equipment is available, the 
following steps are practical. 

1. Set aside a building with a shower room and designate clean and contaminated 
areas within the building. 


If possible, launder contaminated clothing. Reject all badly contaminated 

pieces. 

Select an area for a dump in which to bury radioactive waste. Bury this waste 

by the same techniques that are used for sanitary purposes. 

Do not burn radioactive waste except under conditions in which there will be 

no respiratory hazard. 

CONCLUSIONS 
Protective clothing has definite value in atomic and radiological warfare. Its 

value is in the control of contamination rather than in protection against external 
radiation. Clothing should be regarded as an integral part of an over-all program, 
since its effectiveness is largely dependent upon how it is used. The decontamination 
center provides proper control of the use of protective clothing. 
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HOLDEN-OWINGS—PROTECTION BY CLOTHING-RADIATION 


In the control of radioactive contamination, clothing has the following values: 


1. Protection against ultraviolet and infrared radiation. 
. Prevention of the spread of radioactivity. 


. Partial protection of the skin from 8-radiation and complete protection against 
a-Tadiation. 


. Control of ingestion and inhalation hazards. 
5. Elimination of direct skin contact with radioactive materials. 
Clothing should preferably be light weight, nonporous, washable or expendable 
and should provide complete body coverage. Leakage at wrist and ankles should 
be avoided, and at the neck a tight connection should be made to the respiratory 


protector. Light-colored clothing reflects infrared radiation and thereby minimizes 
skin burns. 
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CARBON TETRACHLORIDE POISONING 


ALBERT V. MYATT, M.D. 


ATLANTA 
AND 


JAMES A. SALMONS, M.D. 
SAN FRANCISCO 


| asia IN tetrachloride poisoning is a subject of increasing importance. Many 
nonindustrial cases of carbon tetrachloride poisoning are undiagnosed, the 
condition being usually treated as nephritis, heart disease, or hepatitis. 

The public believes carbon tetrachloride to be a relatively safe cleaning agent. 
Its nonflammability is one reason for its widespread use. The average nonmedical 
user does not know that the toxicity of carbon tetrachloride is enhanced in alco- 
holies or in malnourished persons. The exact mechanism of the increase in alcoholics 
is not clear. The increased toxicity may be due to increased absorption of the carbon 
tetrachloride, or it may be due to previous damage done to the liver and the kidneys 
by alcohol, or both. Almost all of our cases of poisoning involved persons suffering 
from chronic alcoholism or men who had been drinking before or during exposure. 
In some cases fellow workmen who had not been drinking alcohol were exposed 
to the same concentration of carbon tetrachloride fumes and were unaffected. 

Carbon tetrachloride is a clear, colorless, aromatic liquid. The odor is detectible 
at 79 ppm and is very strong at 176 ppm. The vapor density, compared with air, 
is $.32. The boiling point is 76.7 C. It is nonflammable, nonexplosive, and will not 
support combustion. In the presence of excess water or high temperatures such as 
occur in open flames, it decomposes into hydrochloric acid and other products. It is 
soluble in about 2,000 times its volume of water. It is miscible with alcohol, chloro- 
form, benzine, and ether. 

It is used as a degreaser for metal parts, a dry-cleaning agent, and a solvent for 
crude rubber, tars, and resin. It is also used in fire extinguishers, in insecticide 
sprays, in soap solutions, as a delousing agent, as a dry-hair shampoo, as an anthel- 
mintic, in the extraction of oils from pressed cakes and seeds, in the fumigation of 
grain, and in the manufacture of dichlorodifluoromethane (freon 12"). As a fire 
extinguisher and as a dry-cleaning agent it is sold under many trade names. 

Carbon tetrachloride is potentially toxic by inhalation, by contact with the skin 
or mucous membranes, or by oral intake. Toxicity may result from a single brief 
exposure to a high concentration of vapor or prolonged, excessive, or repeated 
exposure, The previous safe limit for the vapor was set at 100 ppm, but probably 
should not be more than 50 ppm. 


Surgeon, U. S. Public Health Service, National Institutes of Health, Laboratory of Tropical 
Diseases, Malaria Project, U. S. Penitentiary (Dr. Myatt); Surgeon, U. S. Public Health Serv- 
ice, U. S. Public Health Service Hospital (Dr. Salmons). 
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MY ATT-SALMONS—CARBON TETRACHLORIDE POISONING 


When carbon tetrachloride is being used, ventilation should be provided at floor 
level as well as at the usual higher elevations. Pits, depressions, and basements 
should be avoided, since the vapor is heavier than air. Small quantities should be 
transported in safety cans. Uncovered pails and other containers should be pro- 
hibited. Rags or mops wet with the compound should be placed in closed containers 
until they can be dried safely outdoors or in a ventilator. 

The immediate symptoms of carbon tetrachloride poisoning are as follows: 

(a) Those due to inhalation: dizziness, giddiness, a vague sense of fullness in 
the head, headache, and, occasionally, nausea. If there is a heavy concentration of 
fumes, there may be mental confusion and even unconsciousness. 

(b>) Those due to ingestion: usually immediate nausea and vomiting, followed 
soon by diarrhea. 

Later symptoms and signs due to either inhalation or ingestion of carbon tetra- 
chloride are nausea, vomiting, loss of appetite, diarrhea, headache, fatigue, and 
abdominal pain. Jaundice may appear. Hematemesis may occur. There may be 
‘arly kidney damage with progressive oliguria as early as 24 hours after exposure. 
li the patient is untreated during this oliguric phase, he will note swelling of the 
face and a gain in weight, and soon there will be basal rales in the lung, hyper- 
tension, increased pulse rate, peripheral edema, and possibly ascites. The hepatic 
findings, unless they proceed rapidly to acute yellow atrophy with fatal ending in 
two to four days, will regress, and the liver will recede in size. Usually jaundice 
is not evident within 7 to 10 days after the onset of illness. The oliguria may persist 
as long as 12 to 14 days before spontaneous recovery occurs. During the oliguric 
phase there may be the above-mentioned signs of congestive failure, which are really 
due to an increased volume of blood. There may be signs of pericarditis, based 
either on uremia or on a direct toxic effect. \s the oliguria diminishes there is an 
increasing output of very dilute urine. The specific gravity usually will be no more 
than 1.005, and the output may reach 4 to 5 liters a day. The serum nonprotein 
nitrogen and the blood urea nitrogen levels will continue to rise during the initial 
diuretic stage, and as diuresis continues, these levels will begin to fall, gradually 
returning toward normal. In fatal cases due to renal damage death usually occurs 
prior to the 14th day; however, death may occur during the diuretic phase. In 
inadequately treated patients death is usually due to pulmonary edema. In properly 
treated ones death may occur from overwhelming toxicity, or there may be a suffi- 
cient amount of myocardial damage to cause congestive failure with death. Toxic 
serum potassium levels may also cause death. 

In fatal cases pathological examination usually shows heavy, wet lungs, i. e., 
pulmonary edema. The liver is usually smaller than normal and sometimes of a 
nutmeg appearance. Microscopically, the liver shows central necrosis. The kidneys 
are usually slightly enlarged and bulge when the capsule is cut. The medullary and 
cortical markings are more prominent than normal. Microscopically, the kidneys 
show interstitial lymphocytic infiltration, the tubular cells are swollen and pale, and 
the lumens of the tubules may show concretions and casts. 

Fifteen persons suffering from carbon tetrachloride poisoning were admitted to 
the United States Public Health Service Hospital in San Francisco, from January, 
1948 to May, 1951—an incidence of approximately 1 per 1,000 admissions. Of 
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the 15, 3 died and the remainder recovered. ‘Ten of the cases were definitely indus- 
trial and two others were probably industrial. Seven of the industrial ones concerned 
seamen electricians who used carbon tetrachloride to clean electric motors, usually 
applying the material as a spray. The other three patients had used the solvent as 
a degreaser. One man drank carbon tetrachloride by mistake. Two men drank 
carbon tetrachloride in suicide attempts. In two other cases no history was obtain- 
able concerning the method of exposure. 


Thirteen of the patients had a history of alcoholic intake before or during expo- 
sure, one denied use of alcohol, and no information could be obtained about the other 
patient. 

REPORT OF CASES 


Cast 1.—A 62-year-old white seaman was admitted in a comatose state. He had been uncon- 
scious for about 2!4 hours before admission. He had been drinking heavily for several days and 
had complained to shipmates of feeling ill for 48 hours before he lapsed into coma. No history 
of the use of carbon tetrachloride could be definitely obtained, but the compound was available on 
the ship. The patient was markedly jaundiced on admission, and the liver was small. Pulmonary 
edema was also present. He died 24 hours after admission, still in coma. A coroner’s autopsy 
showed traces of a chlorinated hydrocarbon in the tissues, acute yellow atrophy of the liver, and 
kidney lesions of lower nephron nephrosis. 

Cast 2.—A white seaman, 44, was brought to the hospital in a delirious state. He became 
comatose soon after admission. The only history available, furnished by the ship’s captain, 
revealed that the patient had been drinking heavily for five days prior to admission and had 
complained of nausea and vomiting three days before being admitted. He was slightly jaundiced 
on admission, and this rapidly increased. He vomited a dark, bloody fluid on several occasions. 
Serum nonprotein nitrogen was 90 mg. per 100 cc., and the urine was scanty in amount. Thirty 
hours alter admission the patient died without regaining consciousness. A coroner’s autopsy 
showed traces of a chlorinated hydrocarbon in the tissues, acute hepatic necrosis, and renal 
tubular degeneration. 


Cast 3.—A 38-year-old white seaman, about 27 hours before admission, drank approximately 


1 oz. (29.5 ce.) of carbon tetrachloride, mistaking it for whiskey. He had been drinking alcoholic 
beverages moderately for about two days before exposure and continued to drink for a day after 
ingestion of the carbon tetrachloride. A few moments after swallowing the compound he became 
nauseated and vomited several times. He passed some dark urine the day after poisoning. He 
continued to be nauseated, vomited occasionally, and began to have abdominal pain. A physician 
was called a few hours after the patient drank the carbon tetrachloride and advised immediate 
hospitalization; however, the patient delayed entering the hospital. On admission he was con- 
scious, nauseated, complained of abdominal pain, and was slightly jaundiced. Throughout hos- 
pitalization he was unable to eat or retain fluids by mouth and was given fluids intravenously. 
He remained conscious and rational until death. Serum nonprotein nitrogen was 38 mg. per 
100 ce. on admission and rose to 212 prior to death. He remained practically anuric after admis- 
sion, passing only a few cubic centimeters of dark urine the first and second days. The liver size 
increased, and icterus became more pronounced for the first few days and then began to regress. 
Hypertension was present throughout his hospital course. Despite very careful attempts to 
prevent overhydration, moist basal rales appeared in the lungs on the eighth hospital day. Serum 
sodium, plasma carbon dioxide-combining power, and blood chlorides remained essentially nor- 
mal. Serum potassium gradually increased from 3.7 mEq. per liter one day after admission to 


7.8 mEq. per liter two days before death. Serial electrocardiograms showed progressively 
increasing amplitude of the T waves. The patient suddenly died on the 12th hospital day. The 
end of the anuric stage of lower nephron nephrosis was expected momentarily but had not 
occurred at the time of death. In retrospect, the patient probably died because of a toxic potas- 


sium level. No lavage method of removing potassium was attempted, since it was believed that 
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the patient was about to recover from the anuric stage. Autopsy showed moist lungs but no 
pulmonary edema. The kidneys were red, enlarged, and microscopically revealed the findings of 
lower nephron nephrosis. The liver was about normal size and showed regenerating tissue. 


Case 4.—A white seaman, an electrician, aged 28, was admitted with a diagnosis of infectious 
hepatitis. Twenty-four hours after admission careful questioning led to the statement that before 
becoming ill he had been cleaning electric motors with a carbon tetrachloride spray in a closely 
confined space. While working he drank beer and other alcoholic beverages. A nondrinking 
3 fellow worker was not affected. The patient's symptoms were anorexia, nausea, vomiting, and 
= dark, scanty urine—all symptoms starting 14 days before he was admitted to the hospital. Lab- 


oratory studies were not remarkable, since the patient was in remission betore being admitted. 


Case 5.—A 35-year-old white seaman used carbon tetrachloride to clean motors in a poorly 


ventilated room, drinking beer at the same time. Symptoms of nausea and vomiting occurred 
10 days before he was hospitalized and one day after he was exposed to the carbon tetrachloride 
fumes. He stated that he felt well until he went on a beer-and-whiskey drinking bout. He awoke 
with what he thought was a “hangover” but was unable to recover from it as readily as he had 
in the past after drinking. Backache was present for a few days. Edema of the feet and ankles 
and a diminished urine output were observed early in the illness. Later he noticed urinary fre- 
quency and a greater than normal urine output. Physical examination on hospitalization showed 
a blood pressure of 180/116, moist rales at both lung bases, an enlarged liver, questionable ascites, 


and pitting edema of the legs. Laboratory findings revealed a serum nonprotein nitrogen level 
of 120 mg. per 100 ce. and albuminuria. His admission diagnoses were gastritis, hypertension, 
glomerulonephritis, and cardiac decompensation. Fifteen days after his admission, one of the 
hospital staff, during ward rounds, obtained a history of the cleaning of electric motors with 
carbon tetrachloride aboard ship previously mentioned. The patient recovered. 


Case 6.—A white seaman, aged 47, an electrician, was admitted with a diagnosis of hyper- 
tension and nephritis. On admission he complained of recurrent fever, low back pain, general 
swelling of the body, a decreased urine output, diarrhea, and black stools. Physical examination 
showed a blood pressure of 185/118, normal heart and lungs, tenderness of the left costovertebral 


angle, and pitting edema of the lower extremities. His urine showed albuminuria and granular 
casts. The day following admission he revealed that eight days before he had used carbon tetra- | 
chloride to clean motors. His symptoms developed 24 hours after inhalation of the fumes. He 
also admitted drinking considerable whiskey before and while using the carbon tetrachloride. 
Two days after he was hospitalized pericarditis developed, which was demonstrated on physical 
examination and by electrocardiographic tracings. He went through the diuretic stage of lower 
nephron nephrosis while in the hospital and recovered 

Cast 7.—The last case to be reported in detail is that of a 43-year-old white seaman. A 
diagnosis of tetrachloride poisoning was made 71 days after his exposure. While aboard ship the | 
patient noticed onset of malaise, fever, progressive ankle edema, orthopnea, backache, nausea, 
and vomiting. Two weeks later he was admitted to a hospital in the Central American area and 
and was in critical condition for a few days. A diagnosis of congestive heart failure was made. 
When it was felt safe to allow him to travel, he returned to the United States and entered the 
hospital for investigation. He was examined for 10 days for heart disease. On the day before 
he was discharged from the hospital, repeated questioning led to the history that he had used 
carbon tetrachloride in a closely confined space a few days prior to the onset of his illness. No 


history of alcoholic intake was obtained. No evidence of cardiac disease could be found 


SUGGESTED 


TREATMENT OF CARBON TETRACHLORIDE POISONING 


Poisoning by Inhalation—Remove the patient from the exposure area to fresh 
air, Artificial respiration and oxygen may be necessary in some cases. Caffeine may 
be given as a stimulant. 

Potsoning by Ingestion.— Perform immediate copious lavage of the stomach with 
plain water. Use no milk or other fatty liquids, because of the possible danger 
of producing fat embolism. Give no alcohol. Give magnesium sulfate orally, 
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Later Treatment of Poisoning by Any Koute.—l{ the patient is not seen until 
two to three hours after exposure, no immediate treatment is usually necessary, 
although if the poisoning was by ingestion, magnesium sulfate could be given. Watch 
the patient for signs of liver or kidney disease. He should remain quiet until suffi- 
cient time for observation has elapsed. A low-fat, high-caloric diet 1s recommended. 
If the patient is a known alcoholic, or poorly nourished, or has a history of previous 
poisoning by solvents, he should. be hospitalized for observation. If the patient 
shows no signs of poisoning, he should be observed for at least 10 days before being 
released from observation. 

In any case, if nausea and vomiting occur immediately after exposure, the patient 
should be hospitalized for 48 hours, or otherwise closely checked for further signs 
of toxicity. 


If jaundice alone occurs, the patient should rest in bed and be given a low-fat 


diet and choline, methionine, and calcium preparations, and vitamin K. Liver 
function tests to check progress are helpful. If he is unable to retain food by mouth, 
then intravenous feeding will be necessary, preferably using glucose in water, with 
just enough saline solution to replace that lost by vomiting. He should be watched 
for signs of kidney damage. In some few cases the liver disease will progress 


rapidly to acute yellow atrophy, and the patient will die in spite of treatment. 

If oliguria occurs, the patient may be assumed to have lower nephron nephrosis. 
This may occur in conjunction with liver damage or may occur alone. 

The following principles of treatment of lower nephron nephrosis may be applied 
whether this condition has been caused by incompatible blood transfusion, shock, 
crush syndrome, sulfonamide sensitivity, and other causes, or by carbon tetrachloride 
poisoning. In lower nephron nephrosis due to other than carbon tetrachloride 
poisoning, however, the primary disease must also be considered and treated. 


1. See that patient rests in bed. 
2. Record intake and output, including vomitus. 


> 


3. Weigh the patient daily. He should slowly lose weight, about 1 to 2 Ib. (0.45 to 0.90 kg.) 
daily, during the anuric phase. If he gains weight, he is being overhydrated. 

4. If the patient can tolerate food, give a low-sodium, high-caloric, dry diet. (In carbon 
tetrachloride poisoning, low fat as well). 

5. Fluid intake should be restricted to the amount lost in urine, stool, and vomitus, plus an 
additional 800 cc. daily. If intravenous feeding is necessary, and it usually is, because of nausea 
and vomiting, then use 10% or 15% glucose in water. Give no saline solution except when per- 
sistent vomiting occurs. Fluids containing potassium should not be given, since, owing to tissue 
breakdown, this element will be present in possible toxic amounts. Calcium gluconate may be 
given. Aluminum hydroxide may help lower phosphate absorption. The more calories that can 
be given without exceeding the limits of fluid intake, the less tissue breakdown will occur with its 
concurrent release of potassium and nitrogenous products. 

6. A daily physical examination is made, covering the heart, the lungs, the abdomen, and the 
sacrum and extremities. The blood pressure should be recorded daily. The heart should be 
checked for rate, gallop rhythm, and pericardial friction rub. The lungs should be checked for 
basal rales, the abdomen for tenderness and liver size and for possible ascites, and the sacral 
area and extremities for edema. 

7. There should be daily urinalysis, especially checking specific gravity. 

&. An electrocardiogram, if available, is helpful in checking for pericarditis or for potassium 
levels. After the initial electrocardiogram, follow-up tracings may be made about every third 
day. We found it useful to use lead Vs for follow-up, since this lead shows T waves well. 
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POISONING 79 
9. Blood chemistry studies are helpful if available, and the following determinations should be 
made daily or every other day: 

Blood chlorides (may be low due to hemodilution or to vomiting) 

Serum potassium (may become elevated) 

Serum sodium (should remain fairly constant) 

Serum nonprotein nitrogen or blood urea nitrogen (will be elevated and may 

reach high levels) 

Hematocrit (may be low because of hemodilution) 

Plasma carbon dioxide-combining power (will usually be lowered slightly) 

10. Digitalis may be necessary if heart failure appears. A short-acting preparation such as 
the rapidly acting glycosides should be used and should be given very cautiously, since excretion 
will be slow. 

11. If the patient has pulmonary edema when first seen, oxygen, digitalis, and possibly 
phlebotomy will be necessary, and fluids must be restricted to 500 cc. daily. Mercurial diuretics 
are contraindicated. Morphine and tourniquets may be needed. 

12. If the serum potassium reaches a toxic level, and 13 mEq. per liter may cause cardiac 
arrest or ventricular fibrillation, measures to remove this element will be necessary. Lavage of 
the upper jejunum may be performed by means of a double-lumen tube placed in the jejunum and 
a single lumen tube in the stomach, by the method of Hicks, Crutchfield, and Woods. Fluid may 
be absorbed from the perfusing solution, and it must be measured and allowed for in the daily 
fluid requirements. A solution of sodium chloride, sodium bicarbonate, calcium chloride, mag- 
nesium chloride, and glucose is used as the perfusing fluid and is instilled through a tube into the 
stomach and aspirated through a second tube in the jejunum. The authors stated that as much 
as 4.5 gm. of potassium may thus be removed in 24 hours. An alternate method is to use a double 
lumen tube in the stomach, one lumen being used for perfusion and the other for aspiration. 


13. Potassium may also be removed by the use 


f cation exchange resin as described by 
Elkington and associates. The resin is given by mouth or, if necessary, by enema. This would 
seem to be a relatively safe and easy method. Care must be taken that a potassium-free resin 
is used. 

14. Another method of removing dangerous levels of potassium is exsanguination transfusions. 
If donors are available, this method should be considered before more drastic procedures are 
tried. 

15. Peritoneal lavage may also be used to remove potassium, as well as nitrogenous products. 
This method requires apparatus and careful technique. It may be life-saving on occasion. Since 
the procedure is difficult and not without danger, it should be used only when simpler measures 
have failed and it is apparent that removal of waste products or fluid is imperative. 

16. The artificial kidney could, of course, also be lite-saving. When this machine becomes 
more generally available, it will probably replace such procedures as intestinal lavage, multiple 
transfusions, and peritoneal lavage. 

These last-named procedures, particularly the use of the artificial kidney, in 
selected cases can mean the difference between recovery and death. It is not our 
intention to discourage the use of any one of these methods whenever the apparatus 
is available and the situation demands its use. One of our patients could possibly 
have been saved by use of the artificial kidney, had one been available. We do wish 
to emphasize, however, that in most cases of lower nephron nephrosis due to carbon 
tetrachloride poisoning the patient will respond to the simpler measures of fluid 
restriction and diet. Only a very few, primarily those with dangerous potassium 
levels or those to whom excessive sodium and fluids have been given, will need the 
artificial kidney or lavage procedures. A high serum nonprotein nitrogen or blood 
urea nitrogen level alone is not sufficient reason for use of lavage or the artificial 
kidney, since a patient may tolerate a very high level of nitrogenous products in the 
blood without danger. 
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17. Renal decapsulation has not been proved to be of definite value. 

18. When the stage of oliguria passes and diuresis occurs, fluids are given more liberally. 
When the output reaches about 1,000 cc. daily, sodium may be added to the diet. The output 
may reach 4,000 or even 5,000 cc. daily, particularly in those who have been overhydrated during 
the oliguric phase. In some it may be necessary to force fluids during the diuretic stage in order 
to prevent dehydration. The blood electrolytes must still be checked and must sometimes be 
administered intravenously during this stage. Since in early diuresis the urine is very dilute, 
little solids are present and the nonprotein nitrogen level of the blood continues to rise during 
the first two to three days of diuresis. About 21 days after the onset of the oliguria the patient 
is usually out of danger, and the intake of fluids and the diet need no longer be carefully checked. 


The tendency is for recovery to occur in carbon tetrachloride poisoning. The 
liver and the kidneys have remarkable powers for regeneration of tissue damaged 
by this compound. In treatment, therefore, the basic effort is to keep the patient 
alive until recovery can occur. If oliguria or even anuria occurs, no amount of 
“flushing” the kidneys by the administration of excessive fluids will be of value. 
Indeed, it may lead to the death of the patient by causing pulmonary edema. About 
10 to 14 days of repair of the damaged tubules are necessary for the kidney to main- 
tain an adequate urinary output, and several weeks are necessary for complete 
repair. 

In lower nephron nephrosis due to carbon tetrachloride poisoning restricted 
fluid intake is the most important step in maintaining life until recovery occurs. 
(One must remember that during a stage of inadequate caloric intake there is a 
breakdown of body cells with release of potassium, nitrogenous products, and water. 
The amount of water thus produced is not inconsiderable and may amount to 1,000 
ce. daily. This explains how 800 cc. of fluid intake daily in anuria (without vomit- 
ing) is sufficient to maintain the extracellular volume and still allow for insensible 
loss of fluid. 

SUM MARY 

Carbon tetrachloride is a widely used agent whose potential danger is little 
understood by the public. Many cases of carbon tetrachloride poisoning have been 
reported, but there are undoubtedly innumerable others, mostly nonindustrial, 
unrecognized. The symptoms and signs are similar to those of hepatitis, nephritis, 
or congestive heart failure, or of all combined; consequently, many patients are 
treated as having such conditions, with the true cause undiscovered. 

In every case of jaundice and in every case of nephritis or congestive heart 
failure in which the patient has no previous history of such disease, and in which 
no apparent cause is found, the patient should be specifically asked about the use of 
solvents and cleaning solutions. 

The following persons should not use or be exposed to carbon tetrachloride : 
alcoholics, obese persons, undernourished persons, those with pulmonary diseases, 
peptic ulcer, hypertension, hepatic, renal, or cardiac disease, and persons with a 
hypersensitivity related to carbon tetrachloride or to other chlorinated hydrocarbons. 

In the past most deaths of persons with carbon tetrachloride poisoning have 
been due to pulmonary edema occurring during lower nephron nephrosis. A small 
percentage of the victims have died from liver disease, usually acute or subacute 


yellow atrophy, and some have died from toxic potassium levels. 
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The deaths from pulmonary edema can be prevented in most cases by simple 
measures of treatment. The lavage procedures or the artificial kidney are necessary 
only in cases with potassium intoxication or in those not responding to the simpler 
methods of treatment. 
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Abstracts from Current Literature 


General 


RETIREMENT Practices iN BustNess AND INpustRY. J. TUCKMAN and I. Lorce, J. Gerontol 
7:77 (Jan.) 1952. 


A survey of the 113 largest corporations in the United States was conducted by question- 
naire to determine current practices in business and industry pertaining to retirement of 
employees. The questionnaire covered three broad areas: pension plans, psychologic reactions ot 
older workers, and company programs to help prepare employees tor retirement 

\ total of 70 corporations employing 2.75 million workers replied to the questionnaire. The 
replies indicate that while most interest is centered around pensions, there is a growing interest 
in retirement problems and adjustment. Almost half of the respondents have some kind of 
preretirement program in operation or are conscious of the need to institute such a program. 
These companies are meeting the problems of preparation for retirement with varying degrees 
of effectiveness. 


Laspor Force TrRENDs IN THE Unitep States. E. Ciracue, J. Gerontol. 7:92 (Jan.) 1952. 


The core of the economic problems of the aged is found in the fact that opportunities for 
gainful activity of older persons have not kept pace with the strikingly rapid growth in the 
aged population in recent decades. The evidence to date offered no facile hopes for reversing 
or even halting the long-term historical trend, particularly in the decline of labor-force parti- 
cipation of men 65 years and over. The goal of widening the scope of employment opportunities 
for older people is a feasible one, provided that we develop and apply positive measures for 
extending the period of working life. 

THe Executive AND HEALTH. INDUsTRIAL FOUNDATION, 


Merion INsTITUTE, 
Indust. Hyg. Found. Tr. Bull. No. 19, Nov., 1951. 


The transactions of the 16th annual meeting of the Industrial Hygiene Foundation of America 
are recorded in this pamphlet. When the medical profession is confronted with a periodic pro- 
phylactic health examination of selected key employees in American industry, it usually has to 
deal with the new division of medical science, geriatrics. The leader in industry is usually older 
than 45 years, and the doctor’s responsibility with this type of patient is not only to cure but to 
look for changes that have not yet presented symptoms and to reverse these changes before 
symptoms demand consideration. Participants in the panel discussion are all agreed that health 
maintenance of key personnel is a sound financial investment. Executives appreciate an annual 
check-up, and their only criticism is based on the inadequacy of some of the examinations. 
Psychiatry has a role to play since the executive has particular emotional problems related 
to a constant pressure to satisfy those above and those below him resulting in internal friction. 


There exists a trend toward state regulation of insurance covering nonoccupational disability, 
although such regulation by a large number of states is not necessarily inevitable. This may 
indicate that key state legislatures are willing to give industry an opportunity to develop private 
plans and thus obviate the necessity of yielding to pressure for legislation. 


Facts and figures are given concerning the setting up of a complete on-the-premises medical 
program for the employees of a medium-sized company. They readily show that this type of 
program pays for itself, reducing the absentee ratio, labor turnover, lost-time accidents, and 
insurance costs, as well as greatly contributing to worker morale. 


CLEMENT YAHIA, Boston. 
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THe Norwecian InpusTRIAL MepicaL Services. A. BruusGAArD, J. Irish M. A. 30:32, 
1952. (Paper read to the Association of Industrial Medical Officers in Ireland, Dublin, 
October, 1951.) 

The article gives a survey of the Norwegian voluntary setup of medical services in industry. 
The following points may to a certain extent be remarkable 


1. The close cooperation between The Federation of Labour, The Norwegian Employers’ 
Association, and The Medical Association. 


2. The uniform regulations and standardized record in medical departments all over the 
country. 
3. The 


» large percentage of establishments and employees covered by the scheme, especially 
in industry, commerce, and transport. 


4. The almost 100% attendance for the medical examinations. 


5. Annual reports with statistics from all departments are sent to a centralized bureau under 
supervision of the organizations mentioned under 1. 


SIGNE ARNE BruusGAARD, Oslo, Norway. 


Tue Factory Puysictan IN SWITZERLAND AND IN FOREIGN CountRIES. M. OLTRAMARE, 
Praxis 41:151 (Feb. 21) 1952 


Medical care for the vast majority of the working population in Switzerland is organized 
on a private basis. The factory physician gives emergency first aid in case of accident, but his 
activity with respect to treatment must remain limited to this type of service if he does not 
want to get in conflict with his colleagues. That is the reason why industrial medicine in 
Switzerland has a chance for development only if it remains devoted exclusively to prevention. 
Preemployment examinations and periodical follow-up examinations performed by the 


factory physician are obligatory by law in Belgium, France, England, and Italy. 


In certain 
Swiss fact 


ories preemployment examinations were made obligatory by the factory management, 
but they differ from those in other countries in that they are made with the view of granting 
w refusing to the examined person admission to the Sickness Insurance Fund of the employer. 
Periodical follow-up examinations of the factory personnel by the factory physician are not 
done in Switzerland 


The Swiss Federal Insurance Fund has made preemployment and _ peri- 
odical follow-up examinations obligatory only for workers who are in contact with benzene 
and for those who are exposed to the risk of silicosis. Except for a physical examination of 
young people at the start of their apprenticeship, other periodical examinations for the pro- 
tection of the health of adolescent workers are not in use in Switzerland. 

Despite this delayed development of industrial medicine in Switzerland, it remains true that 
this branch of medicine whenever it is practiced has contributed considerably to the reduction 
of the number of accidents and of the incidence of occupational diseases. It seems important 
that the Central Committee of the Federal Association of Swiss Physicians, as well as the 
cantonal medical associations should pay increased attention to the problem. New regulations 
for the medical service provided by the factory physician should be established by the Medical 
Chamber, The regulations of July, 1920, which are still valid make the industrial physician a 


isultant physician, without taking into consideration the tasks of prevention which he should 
fulfill 


The Swiss school physicians have asked for a long time that a yearly medical examination 
should be made obligatory for all persons below the age of 18. The cantonal medical asso- 
ciations should take steps to accelerate a reform of the federal and cantonal laws in this respect. 
There is hope that in the near future the Federal Insurance Fund will make periodical visits 
obligatory on a broader scale, including such occupations as painting with the use of spraying 
gun, autogenous welding, contact with radioactive substances, and chromium plating. 

The physicians who today are exercising certain functions in a factory should be aware 
of their role as pioneers of industrial medicine in Switzerland. It would be desirable that on 
the occasion of a sojourn abroad they should get in contact with Belgian, English, French, or 
Italian industrial physicians and get acquainted with the work of a true factory physician. There 
is nothing that may prevent them from suggesting to their factory managements that a peri- 
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odical examination of certain groups of workers be made obligatory at once and that a begin- 
ning be made with the apprentices. It is not necessary to wait until such periodical visits have 
been made obligatory by law. Factory physicians are not prevented from paying regular visits 
to the various workshops of the plant nor from taking an interest in the methods of prevention 
of occupational diseases, because only in this way will they be able to be useful to the factory. 


RESULTS OF THE PERIODIC HEALTH EXAMINATIONS BY INDUSTRIAL HEALTH OFFICERS. 
(In Norwegian, with English summary.) Haakon Natvig, Nord. med. 47:144, 1952. 


Of 62,000 persons examined (185 per thousand) 11,500 with undiagnosed or untreated diseases 
were brought under treatment and care. Many of these, of course, had merely minor ailments, 
but a considerable number of more serious conditions were also unveiled. 

The figures for blood pressure, hemoglobin, erythrocyte sedimentation rate, absenteeism, 
etc., in regard to different ages, sexes, and occupational groups within a high percentage of 
the working population are given, including several interesting tables and curves. Based on the 
results of these examinations, “normal values” for the healthy working population may be estab- 
lished. 


SIGNE ARNE BruvusGaarD, Oslo, Norway. 
Physiology and Nutrition 


Satt Losses oF MEN WorKING IN Hot ENviroNMENTs. J. S. WEINER and R. E. vANn 
HEYNINGEN, Brit. J. Indust. Med. 9:56 (Jan.) 1952. 


The sweat and urinary loss of chloride have been studied in individuals working in hot 
environments for short periods. 

Acclimatization to heat is accompanied by a decrease in the chloride concentration of general 
body sweat only if a negative chloride balance is induced by restriction of the chloride intake. 


pensatory reduction of urinary chloride manifested after the subject leaves the hot room. This 
reduction is so great that the total loss of chloride may be less on days on which sweating occurs 
than on control days. 


In unacclimatized subjects, sweating for short periods (two hours) brings about a com- 


, Attention is drawn to the limitations to the use of sweat collected in arm bags as a method 
of assessing the bodily salt balance. 
The bearing of these findings on the desirability of supplementing the salt intake in the diet 


is discussed. AvutTHoRsS’ SUMMARY. 


HEARING DerFeEcts By Norse. (In Norwegian.) S. Quist-HaNssen, Tidsskr. norske legefor. 

3:75, 1951. 

In cooperation with Labour Inspection, Quist-Hanssen has been carrying out investigations 
in noisy industries. The exposed workers have been audiometrically examined. The author gives 
a survey of the effect of noise on hearing, the principles of hearing control, and the personal 
protection of the workers. The number of revealed cases of hearing defects due to noise has 
increased considerably during the last few years as a result of more intensive investigations. 


Signe ARNE BruuscaarD, Oslo, Norway. 


Occupational Diseases and Hazards 


TUBERCULOSIS IN ANTHRACOSILICOsIS. P. A. THEOpos and B. Gorpon, Am. Rev. Tuberc. 

65:24 (Jan—Part 1) 1952. 

Of 750 hard-coal miners between the ages of 33 and 67 with various stages of anthracosili- 
cosis who were hospitalized for periods of two to three weeks, 637 were sufficiently disabled to 
have discontinued working before admission, while 113 (15%) were not disabled. 

The diagnosis of active reinfection-type pulmonary tuberculosis was established in 97 of these 
miners, or 12.9% of the total number studied; the diagnosis of inactive or healed tuberculosis 
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was made in 7 additional miners (0.9%), and in 8 other miners tuberculosis was suspected on the 
basis of abnormal roentgenologic and clinical findings, although tubercle bacilli had not been 
found in repeated sputum examinations 


Diagnosis of the proved cases of tuberculosis was based on the finding of acid-fast bacilli 


during routine examination of the sputum; in 85% of the cases the diagnosis was established 
by simple examination of stained specimens of sputum. 

Puberculosis complicating anthracosilicosis was suspected in approximately two-thirds of the 
patients on the basis of history, physical signs, and symptoms at time of admission; the disease 
was not suspected in one-third of the patients. 

The data indicate that complicating tuberculosis should be suspected in the presence of 
anthracosilicosis when the symptoms are abrupt in onset and become progressively exaggerated, 
when localized moist rales are present, and when the roentgenogram reveals asymmetry, coales- 
cence, or cavitation: in most instances combinations of these findings were present. 

\ definite correlation exists between the prevalence of tuberculosis and the age of the coal 
miner, the length of exposure, and the extent of the anthracosilicosis. The prevalence of tuber- 
culosis was highest in the age group 35 to 44, approximately eight times more frequent than 
in the general population; in the age group 45 to 54, approximately three times more frequent ; 
ind in the age group 55 or older, approximately equal in frequency. 

Tuberculosis is most commonly associated with Stage 3 silicosis. It appears that in hard- 
coal miners silicosis predisposes to the development of tuberculosis, but the incidence of active 
disease is lower than is generally suggested; the probable prevalence of the disease may be 12 
to 15% rather than the extremes of 3 to 75% as suggested in the literature. 

The prognosis of tuberculosis complicating silicosis is poor; of the 97 patients, 47 died within 
three years after diagnosis of tuberculosis, Sanatorium care may prolong life in selected cases. 

lreatment is essentially symptomatic; when functional impairment of the bronchioles and 
alveoli is a major factor, the guarded use of intermittent-positive-pressure breathing with 
nebulization of antimicrobie and bronchodilator drugs provides symptomatic relief. 


Acoustic TRAUMA IN AIRCRAFT MAINTENANCE WorKERS. E. GuiLp, J. Aviation Med. 
22:477 (Dec.) 1951 


Many studies have indicated that the incidence of hearing impairment is higher among 
pilots than among the general population, but little attention has been given to the hearing 
acuity of the men who perform the routine maintenance of aircraft. These men are exposed 
to noise levels above those generally considered safe. During power checks, moreover, noise 
intensities exceed 130 decibels (db) on many reciprocating-engine aircraft and 140 db on jet- 
powered aircraft at locations in which men work. 

Pure-tone audiograms and detailed histories emphasizing noise exposures and subjective 
reactions to noise were recorded on 354 aircraft maintenance workers. One-half (177) of the 
men were working on conventional-type and one-half on jet-type aircraft at the time of exam- 
ination. The records were compared to similar material gathered from 368 men who had rela- 
tively quiet backgrounds and to data gathered from 139 experienced pilots. The former were 
younger and the latter older on the average than were the mechanics. The data point con- 
sistently to the following conclusions : 

\Ithough many aircraft-maintenance men retain normal auditory acuity despite years of 
regular exposure to intense noise, the average show some loss over that expected when noise is 
not a tactor, 

In those mechanics who suffer significant impairments the degree of severity tends to be 
greater and the age of onset earlier than in men who show similar losses in the absence of 
experience of excessive noise. 

Potentially, at least, jet-engine noise is more influential in effecting auditory acuity changes 
than is the noise of reciprocating engines. Jet-engine noise is so irritating subjectively as to 
affect the efficiency-on-the-job of some men. 

Many of the impairments found are not handicapping in nature, nor do they necessarily 
reflect permanent damage. However, they do show that among aircraft-maintenance men, as 
among pilots and test-cell workers, acoustic trauma is a problem. In view of the ever-increasing 
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numbers of jet-powered aircrait and of the greater noise intensities generated by the new jet 
engines the problem may well become very serious in the future. Efforts to provide adequate 
protection against noise for aircraft-maintenance workers are indicated 


CANCER OF SKIN AND OccUPATIONAL TRAUMA. JonN Gopwin Downine, J. A. M. A. 


148:245 (Jan. 26) 1952. 


The possibility of occupational cutaneous cancer, although rare, exists. The literature is 
contradictory regarding carcinogens. The recorded number of occupational cancers of the skin 
observed in the United States is very small. Figures are given for tar and pitch, grease and 
oil, roentgen, and arsenic cancers. Case reports are given concerning cancers in a coal tar 
worker, a man.exposed over many years’ time to arsenic spray, a checker of creosote- and 
carbolic acid-distilling equipment, and a garage worker who used kerosene and various other 
solvents. Rarely, too, a cancer is reported as a result of physical trauma. The author has 
never been satisfied that a single trauma ever caused cancer. Four case histories of persons 
asserting that their cancer was traumatically caused are given and discussed. Such points as 
the authenticity and adequacy of the trauma, the origin of the tumor at the exact point of 
injury, a reasonable period of time between the injury and the appearance of a tumor, and the 
diagnosis of the presence and the nature of the tumor are reviewed. Prevention of occupational 
cancer is possible if the hazards of the industry are reviewed and accepted methods installed 
tor the proper prevention of illness among the employees. Crement Yana. Boston. 
Valve oF Carpiac Function Tests 1n INpustry. L. Porpy, A. M. Master and K. 

Cuesky, J. A. M. A. 148:813 (March 8) 1952 


Large numbers of patients with heart disease present normal findings on routine clinical 
studies. Therefore dependable cardiac function tests are necessary. Four types of test are 
described and their diagnostic value considered in detail. 

Follow-up studies of 200 patients with normal and abnormal reactions confirm the value of the 
“2-step” exercise electrocardiogram test. The possibility of coronary insufficiency is practically 
excluded if both single and double tests are normal. If either is abnormal objective evidence of 
coronary insufhciency is established. 

The anoxemia (10% oxygen) test is not recommended, since it is hazardous and requires 
constant supervision. 

Ballistocardiography by the Dock technique is a valuable supplement to electrocardiography 
and exercise tests. The Krasno-Ivy nitroglycerin flicker test is promising but it is too early to 
evaluate it properly. ‘ CLeMent Yantra, Boston. 


INpustRIAL Dermatitis Due to Contact with Brass. Georce E. Morris, New England 
J. Med. 246:366 (March 6) 1952. 


Five cases of dermatitis from contact with brass are reported for the first time. Brass, an 
alloy of copper and zinc, with traces of other elements, is well known as a cause of metal fume 
fever, but dermatitis may also be caused by it. The dermatologist should consider brass as a 
cause of some of the unusual dermatoses. 


Pineapple Dermatosis. I. Potunin, Brit. J. Dermat. 63:441 (Dec.) 1951. 


The pineapple industry is located chiefly in Hawaii and in Malaya. In Hawaii it has long 
been highly mechanized. Handling is reduced to a minimum, and contact with the juice is pre- 
vented by rubber gloves. The “pineapple burn,” as it is called, is rarely seen in Hawaii nowa- 
days except as a patch just above the glove. Mechanization of the industry is rapidly taking 
place in Malaya, but at present the whole fruit is usually cut by hand into pieces for canning. 
For the greater part of their working hours, the hands of the men who cut up the pineapples 
are exposed to the juice in spite of the provision of rubber gloves, and the dermatosis described 
here is of universal occurrence among them. It develops immediately after the hands have 
been exposed to the juice at the beginning of the canning season, is worst on pressure areas, 
and disappears on stopping work. The hands are tender for the first few days, when super- 
ficial raw areas of the finger tips are often seen. The condition later becomes painless, and 
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this is ascribed by the workers to the development of an opaque white appearance of the skin. 
siopsy specimens show an almost complete disappearance of the stratum granulosum, which 
becomes a poorly defined layer consisting of cells widely separated by an increase of intercellu- 
lar fluid and containing few granules. The stratum corneum shows evidence of stratification, 
and the stratum malpighii is probably thickened. The horny ridges, and hence the fingerprints, 
become temporarily obliterated. Bromelin, the proteolytic enzyme from pineapple, causes the 
same lesions as pineapple juice when rubbed on the skin, and is held to be the cause of the 
dermatosis. Oxalate crystals and citric acid are excluded as causes of the dermatosis. Prote- 
olytic enzymes cause separation of the superficial layers of skin and increase skin and capillary 
permeability 

The effects of proteolytic enzymes resemble in certain respects those produced by the 
mechanical damage of needle-shaped calcium oxalate crystals from certain plant tissues. Both 
produce itching, increased capillary permeability, and wheals, which are suggestive of histamine 
liberation in the skin. 

It is not possible to prevent the action of proteolytic enzymes on the skin by the use of high 
concentrations of an antihistamine drug. 


RHEUMATISM IN Miners: I. Roeumatic Compraints. J. S. LAWRENCE and JEAN AITKEN- 
Swan, Brit. J. Indust. Med. 9:1-18 (Jan.) 1952. 


A field survey was made of the incidence of rheumatic complaints in miners, including the 
entire population of one mine. As control groups, the workers at an engineering yard, the staff 
of an office, the miners’ families, and a random sample of a near-by town were studied. The 
survey included 1,742 miners, 1,931 males who were not miners, 1,935 females from mining 
families, and 822 females from nonmining families. The questionnaire covered the period from 
1945 to 1949. 

The gross incidence of rheumatic complaints was not appreciably different in miners and 
nonminers. In miners, however, there was evidence of an earlier onset. Miners lost more time 
from work because of rheumatic complaints than did nonminers. Rheumatic complaints in 
miners were chiefly lumbar and sciatic. Miners showed increased incidence of knee pain. 

The incidence of rheumatic complaints in members of miners’ families was lower than in the 
general population and considerably lower than in miners. This result is probably due to the 
fact that in a family in which one member has lost working time from rheumatism, the boundary 
between normal and abnormal will be relatively higher. Members of such a family will con- 
sider their own complaints relatively insignificant. B. H. Ampur, Boston. 
CLINICAL, SOCIAL, AND OccupPATIONAL Aspects OF INDUSTRIAL Dermatitis. M. Hewitt, 

Lancet 2:1105 (Dec. 15) 1951. 


In a study of unemployed disabled people with skin disease who were registered at employ- 
ment exchanges Hewitt found that 70% claimed to have had industrial dermatitis, but their 
unsatisfactory work records and social and emotional difficulties always far outweighed their 
skin reactions. He therefore decided to investigate the social setting of cases labeled industrial 
dermatitis. The patients included 64 men and 16 women. 

In true industrial dermatitis the cutaneous manifestations appear on exposed parts of the 
body, are aggravated by repeated exposure, and clear rapidly on removal of the noxa; the irri- 
tant nature of the offending material can often be confirmed by patch-testing. This syndrome 
is rarely seen in dermatological clinics, and when it occurs can be dealt with either by substi- 
tution of the harmful agent or by transferring the workman to other sections of the workshop. 
Unfortunately, there is hardly any substance encountered at work or at leisure that cannot 
produce sensitization. Propaganda has led most workmen and some physicians to believe that 
any rash appearing during employment is most likely to be produced by an external irritant 
encountered there. 

The factory physician's first opinion has a profound influence upon the workman, as has 
also the careless use of the word “dermatitis” by general practitioners, industrial medical 
officers, industrial nurses, trade unions, and particularly the man’s own workmates. An ill- 
considered recommendation that a man should change his job will often suggest that the condi- 
tion is due to work and may sow the seeds of discontent and antagonize the man toward his 
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employment and employer. 
nature. 


The defective personality is more receptive to suggestions of this 
The fiction that the malady is occupational is accepted by medical boards and appeal 
tribunals, who only deal formally with questions of disablement 
prevention. 


They are not concerned with 
Recent social legislation has provided an extensive machinery to deal with, but 
not prevent, the malady and there appears to be an abysmal gap between methods of statutory 
recognition and prevention. 

The increased incidence has been attributed to new manufacturing processes, but there was 
no evidence of this in the series here investigated. Indeed, the rising incidence among miners 
where the hazards have not materially altered certainly refutes this theory. This study suggests 
that industrial irritants and sensitizers are etiologically insignificant in comparison with the 
overwhelming social and occupational problems which these patients present 

More attention could be paid to the injudicious use of strong antiseptics by nurses and first- 
aid workers, who could also show more discretion in handling persons with cutaneous disease. 


Many of the patients had suffered from seborrheic eczema before acquiring the occupational 


label, though they were somewhat reluctant to volunteer this information. 


In many more cases 
there was a strong family history of eczema. 


Minor trauma seemed to act as a trigger mech- 
anism in many cases of seborrheic eczema, and this aspect is worth investigating further. 

Many of these patients keep diaries with detailed records of the history of their skin condi- 
tion. This introspective and morbid outlook was prominent and seemed to get worse the longer 
the disability lasted. Exacerbations at times when medical boards or legal problems were under 
discussion need to be seen to appreciate fully the psychosomatic nature of the malady. 

In the management of these patients little benefit comes from purely local treatment. A care- 
ful history must be taken, and the probable nature of his difficulties explained to the patient. It 
was often possible thus to produce a reasonable attitude toward the malady. 


INDUSTRIAL LUNG DISEASES OF IRON AND STEEL FouNDRY WorKERs. A. I. G. MCLAUGHLIN 
and others, London, His Majesty’s Stationery Office, 1950. 


This 282-page volume presents the results of an extensive study, in which roentgenograms 
were made of the lungs of more than 3,000 foundry workers. The data included an analysis of 
records of pulmonary diseases from the official files, chemical and exercise tolerance tests, 
spirometric results, pathological investigations of the lungs of 64 workers, and dust studies in 
three foundries. The results agree with those of other studies in showing a higher incidence 
of pneumoconiosis in the cleaning of castings than in other foundry processes, and a higher 
incidence in steel foundries than in iron foundries. No useful correlation was found between 
exercise tolerance tests and abnormal x-ray appearances. 


Vital capacity is more closely related 
to age than to length of exposure. 


Cases of silicosis are fewer than formerly but continue to 


occur among sand or shot blasters in spite of stringent dust control measures. Many individual 
cases are described, and 51 chest radiographs are presented. The general summary of findings 

fills eight pages From Inpust. HyG. Dicest. 
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News and Comment 


HEALTH CONTROL MEASURES IN THE URANIUM INDUSTRY 


Detailed physical examinations of over 1,100 workers in uranium mines and mills in 
Colorado, Utah, New Mexico, and Arizona have revealed no evidences of health damage from 
radioactivity, according to an interim report to the industry released by the Public Health 
Service of the Federal Security Agency 

he examinations are part of a study of occupational health conditions in the uranium 
industry that has been under way since 1950. 

Specific recommendations made to the mine and mill operators for the control of radiation, 
dusts, and fumes include provisions for (1) adequate ventilation to keep radiation at a low level; 
(2) wet drilling, wetting of muck pile, and other dust-suppressive measures to keep the atmos- 
pheric dust concentration at a minimum level; (3) dust and fume control systems to be used in 
activities where uranium and vanadium dust or fume is liberated; (4) approved dust respirators 
to be worn as an added protection whenever necessary; (5) the practice by workers of good 
personal hygiene, including daily showers and frequent change of work clothes, to minimize 
skin contact with radioactive dust and other substances, and (6) preemployment and_ periodic 
physical examinations for all workers 

Cooperating with the Public Health Service and the Colorado State Department of Public 
Health in this study are the Atomic Energy Commission, the United States Bureau of Mines, 
the Los Alamos Scientific Laboratory, the Navy Radiological Defense Laboratory, the United 
States Bureau of Standards, and the state health departments of Utah, New Mexico, and 
\rizona 


RADIOACTIVE CORTISONE 


Radioactive cortisone for use in medical research will be manufactured with the aid of 
funds from the National Institute of Arthritis and Metabolic Diseases, Dr. Russell M. Wilder, 
Director of the Institute, announced. The Institute is under the supervision of the Public Health 
Service of the Federal Security Agency 

The radioactive cortisone has not been produced hitherto in sufficient quantity for research 
studies. It will contain radioactive carbon. This will “tag” the cortisone, so that it can be 
traced through the bodies of experimental animals in an effort to learn how it produces its 
effects in health and disease. How cortisone acts to give dramatic relief to arthritis sufferers 
is still a mystery of science. Tracer studies with the radioactive product may help to solve it 

\ tund of $66,000 will be administered by a small committee of scientists from nonfederal 
research institutions. Headed by Dr. Charles Huggins, of the University of Chicago, the 
group will plan the project, bring together the starting materials, and contract with a suitable 
manutacturer. The product will be distributed to qualified scientists who submit formal research 
proposals to the National Institute of Arthritis and Metabolic Diseases. 


COUNCIL CN INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
Newsletter, May, 1952 


The newer types of pesticides that have been brought into wide use during the past few 
years have created many problems, owing to their extremely high toxicity. Across the width 
and breadth of this country state divisions of industrial hygiene have been called upon to 
evaluate and control the hazards involved in the preparation and use of these economic 
poisons. Serious illness, and even death, have resulted because of ignorance or carelessness on 
the part of workers and residents in the areas where these materials have been introduced 
Physicians must be sufficiently oriented to this problem to recognize readily the presenting 
symptoms and signs of toxicity and be prepared to administer the effective antidotes and therapy. 

The rapidly expanding developments in the manufacture and use of these new pesticides 
prompt us to draw your attention to the Committee on Pesticides of the American Medical 
Association, which is now in its third year of operation. The program which it adopted in 
January, 1950, is primarily a service activity which has the twofold purpose of (1) creating an 
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improved public and professional understanding of the economic importance of pesticides, and 
(2) offering guidance to physicians on the various health problems which are presented by 
certain of these agents 

To accomplish these objectives, the following educational and investigative projects have 
been initiated : 

1. Development and promotion of safe standards of use for pesticides 


2. A study of remedial measures. 


3. Collection and evaluation of new information 
4. Contributions to the standardization of nomenclature 
5. Stimulation of voluntary control 


6. Sponsorship of a broad educational program directed to physicians and the public 


This six-point program is being administered by specialists in biology, entomology, pharma- 
cology, toxicology, nutrition, and public health administration, with the assistance of advisory 
specialists in the other sciences. 

A series of scientific reports on the medical aspects of pesticides has been published in The 
Journal of the American Medical Assoctation and subsequently made available for wide reprint 
distribution. This educational program is augmented by the inquiry service rendered by the 
Committee office. Programs of collaboration have been initiated with several regulatory 
agencies, scientific groups, and trade associations prominent in the pesticide field for the exchange 
and dissemination of accurate information on the newer poisons. 

The Committee on Pesticides is a standing committee of the Council on Pharmacy and 
Chemistry. Mr. Bernard E. Conley, Secretary of the Committee, will welcome requests for 
further information regarding the activities and services of the Committee 


AMERICAN PUBLIC HEALTH ASSOCIATION 


Health Association and the annual meet- 
ings of 38 related organizations will be held in the Public Auditorium, Cleveland, Oct. 20 to 
24, 1952. More than 5,000 professional public health workers from all parts of the tree world 
are expected to attend. 


The 80th annual meeting of the American Public 


Subjects to be covered in the scientific program at Cleveland include Tuberculosis, Virus 
Diseases, Professional Education, Hepatitis and Leptospirosis Infections, Interpreting Fluorida- 
tion Projects to the Community, Research in School Health, Group Methods in Public Health 
Programs, Nutrition Consultants and Nurses Work Together, Animal Diseases of Economic 
and Health Importance to Man, Home Care Programs, Role of the General Pracditioner in 
Organizing Health Programs, Results of Chronic Disease Programs, Industrial Medical Ser- 
vices, Food Processing and Sanitation, The Nutritional Survey in Program Planning, The 
Social Environment in Health and Disease, Use of Audio-Visual Aids, Critiques of Recent 
School Health Publications, Population, and The Contribution of Medical Health Librarians to 
Health Statistics. 

The Lasker Awards for 1952 for outstanding contributions in medical research and public 
health administration will be presented on Tuesday evening, Oct. 21. The Sedgwick Memorial 
Medal, given for distinguished service in public health, will be awarded at the banquet session 
on Thursday evening, Oct. 23. 

Local arrangements are being made under the direction of Dr. Harold J. Knapp, Commis- 
sioner of Health of Cleveland. 


NATIONAL NOISE ABATEMENT SYMPOSIUM 


The third annual National Noise Abatement Symposium will be held October 10 at Armour 
Research Foundation of Illinois Institute of Technology, Chicago. 

The symposium will feature seven talks on various aspects of the noise problem by experts 
on the control, measurement, and effects of noise. Sponsors of last year’s meeting were the 
Acoustical Society of America, the National Research Council, the National Noise Abatement 
Council, and the Foundation. 

Daniel B. Callaway, supervisor of sound and vibration control at the Foundation, is chairman 
of the program committee for the meeting. 
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Books 


Posture and Pain. By Henry O. Kendall, director; Florence P. Kendall, assistant director ; 
and Dorothy A. Boynton, physical therapist of the Physical Therapy Department, Childrens 
Hospital School, Baltimore Pp. 204, with 159 illustrations. Price $7. Williams & 
Wilkins Company, Mount Royal and Guilford Aves., Baltimore 2, 1952. 


The thesis of this book is the importance of postural faults in disabling and painful conditions. 
Based on the authors’ personal experiences with 10,000 patients plus an additional 2,000 so-called 
normal individuals between 5 and 25 years of age, this treatise contains four major sections: 
(1) normal posture and postural faults, (2) testing procedures for individual muscles and muscle 
groups, (3) specific corrective procedures designed to overcome faulty body mechanics, and 
(4) a discussion of developmental and environmental factors influencing posture. The book is 
copiously illustrated with excellent photographs and anatomical sketches to complement the 
text. This should be a valuable textbook for the physical therapist. It is also recommended 


as good reference material for those physicians who are confronted with postural orthopedic 
problems from time to time. 


G. F. Wirktns, M.D. 


Limits of Flammability of Gases and Vapors. By H. F. Coward and G. W. Jones. 
Pp. 155, with 63 illustrations. Price 40 cents. Bureau of Mines Bull. 503, Supt. of 
Documents, Washington, D. C. 


Ihis is the fourth edition of this valuable bulletin, a classic in its field. Dr. Coward repre- 
sented Britain in the first edition and Mr. Jones represented the United States; both men shared 
in the successive revisions and in the present edition—a span of 27 years. The first edition listed 
26 substances, and this one lists 155. 

In the field of safety there are not many items that can be defined and regulated in terms of 
physical chemistry or of any other exact science. This one is a notable exception to the general 
rule 

The general presentation, the entire format, and especially the index are about as good as 


anything we have seen. 


Color Atlas of Morphologic Hematology. By G. A. Daland, edited by T. H. Ham. 
Pp. 74, with 14 illustrations. Price $5. Harvard University Press, Cambridge 38, Mass. 


This atlas is intended as a companion volume to “A Syllabus of Laboratory Examinations 
in Clinical Diagnosis” (Harvard University Press, 1950), reviewed in this publication previously. 
It is a remarkably concise and accurate presentation of the essential diagnostic features of various 
common disorders of the blood. 

The first third of the book is devoted to the normal appearance and development of red and 
white cells and platelets. Each plate illustrating a blood disorder is accompanied by a brief 
summary of essential laboratory and clinical findings. While the description of this material 
is very well done, the plates themselves are sometimes disappointing. Nine of the fourteen 


plates are taken from previous publications, the originals being painted in water color from 
camera lucida drawings 


The structural details of the cells are accurate in general, but the 
color reproductions are poor in some instances. Slight blurring of details is seen in some plates. 
In spite of this drawback, the atlas will be quite useful (although not so outstanding as the 
“Syllabus of Laboratory Examinations in Clinical Diagnosis”) as a guide for the student or the 


physician wishing to review the subject. Davip W. Cassett, M.D. 
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allergies 
are 
always 


with us 


ALWAYS AVAILABLE 


BENADRYL 


FOR RAPID SUSTAINED RELIEF 


Angioneurotic edema in January or vernal conjunctivitis in June 


brings patients to you seeking relief from their symptoms. BENADRYL 


is often the answer for many of these patients, regardless of the 


exciting allergen or of the shock tissue. 


Hundreds of clinical reports have shown the value of BENADRYL 


in acute and chronic urticaria, vasomotor rhinitis, hay fever, 


contact dermatitis, ervthema multiforme, pruritic dermatoses, 


dermographism, drug sensitization, penicillin reactions, serum sickness, 


and food allergy. 


of 


To facilitate individualized dosage and flexibility of administration, BENADRYL 


Hydrochloride (diphenhydramine hydrochloride, Parke-Davis) is available in a variety 


of forms—including Kapseals,® 50 mg. each; Capsules, 25 mg. each; Elixir, 10 mg. 


per teaspoonful; and Steri-Vials,® 10 mg. per cc. for parenteral therapy. 
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SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking in this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
and teacher, as well as the father of a family, Dr. Rice is well 
equipped to deal with this difficult subject properly and helpfully. 


THOSE FIRST SEX QUES- HOW LIFE GOES ON 
TIONS For girls of high school age. 
For the parents of very young Their role as mothers of to- 
ehildren. Answers to the grop- 
ing questions of the littlest 
ones. 40 pages. 25 cents 


THE AGE OF ROMANCE 


For young men and women 
dealing with the problem as 
morrow. 44 pages. 25 cents. a unit for both sexes. 44 


pages. 25 cents. 


IN TRAINING 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
human parents. 36 pages. 25 
cents 


For boys of high school age, 
interpreting their adolescent 
development in terms of ath- 
letic and other achievements. 
50 pages. 25 cents. 


25¢ each 
Set of five 


in file cose, $1.25 


@ FOR ADULT READING 


SEX EDUCATION FOR THE PRE- SEX EDUCATION FOR THE MARRIED 
SCHOOL CHILD COUPLE 
By Harold E. Jones and Katherine By Emily Hartshorne Mudd. 12 pages. 
Read. 12 pages. 15 cents 15 cents 


SEX EDUCATION FOR THE TEN SEX EDUCATION FOR THE WOMAN 
YEAR OLD SLE AT MENOPAUSE 
By Marjorie Bolles. 12 pages. lo cents. By Carl J. Hartman. 12 pages. 


SEX EDUCATION FOR THE ADO- Set of 5 titles as above, 50 cents 


LESCENT 
GETTING READY FOR MARRIED LIFE 


By George W. Corner and Carney 
Landis. 20 pages. 15 cents, By Howard Dittrick. 29 pages. 20 cents. 


HELP FOR CHILDLESS COUPLES 


ls THE FACTS ABOUT SEX 
A SO. -e By J. D. Wassersug. 6 pages. 15 cents. 


By Audrey McKeever To be read by 
parents or children 16 pages. 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS 

ON MENSTRUATION 
AMERICAN MEDICAL ASSOCIATION By Margaret Bell. § pages. 15 cents. 

535 North Dearborn Street 
Chicago 10, Ill. 


Cuantity prices 
quoted on request 
THE WORD YOU CAN'T SAY (MAS- 

TURBATION) 


By Hannah Lees. & pages. 15 cents. 
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Doctor, 
be your own 


judge... 
try this 
simple test 


With so many claims 
made in cigarette adver- 
tising, you, Doctor, no 
doubt prefer to judge for 
yourseif. So won’t you 


make this simple test? 


Take a PHILIP MORRIS and any other cigarette 


1. Light up either one first. Take a puff—get a good mouthful of smoke 
—and s-l-o-w-l-y let the smoke come direct/y through your nose. 


a Now, do exactly the same thing with the other cigarette. 


You will notice a distinct difference between 
PHILIP MORRIS and any other leading brand. 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 
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RESULTS COUNT!...1; Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


“= eSenex 


: . , Ointment and powder of ZINCUNDECATE 
on al Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN PRODUCTS, INC., Belleville 9, N. J., U.S.A. 
PD-32 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from current 
PSYCHIATRY gives: practical assistance medical literature which present signifi- 
to those readers who would keep well cant findings of eminent neurologists and 
informed about the rapid progress in psychiatrists throughout the world. Well 
these fields. [It presents original articles, 
clinical notes, special articles, society ssued monthly, _ AVEPARES 
transactions and book reviews and book about 2730 pages annually. Price, $12.00 
notices. Each issue includes large a vear. Canada, $12.40. Foreign, 813.50. 


AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 


| Child 
| Health 


a Bad Habits in Good Babies. Herman M. Jahr. 16 pages. 
h t 15 cents. 
ig 00 ’ What Does Your Baby Put in His Mouth? Chevalier 
‘ Jackson and Chevalier L. Jackson. Tells how to pre- 
vent accidents from choking and what to do if they 


ANSWERS TO THE - happen. 24 pages. 15 cents. 


IMPORTANT QUESTIONS : . Keeping Your Baby Well. 22 pages. 15 cents. 


; { , The Case of the Crying Baby. Herman M. Jahr. 4 pages. 
ABOUT SOAP 15 cents. 


BUYING ; : What to Do About Thumb Sucking. William I. Fishbein. 
: 6 pages. 15 cents. 

Lefthandedness. Paul Popenoe. 8 pages. 15 cents. 

... Mo commercials — no sales chatter 

but a wealth of informative data that should prove Adoption. W. Allison Davis and a Carlson. P 

: lveble % d th hout understanding discussion of the best ways to adopt 

children and rear them. 12 pages. 15 cents. 


Protecting Your Child from Allergy. William Gayle 


ges. 15 cen 
LIGHTFOOT SCHULTZ COMPANY 


Keever. 16 pages. 
663 FIFTH AVENUE, NEW YORK 22, N. Y. ——— 


Send your free Question and Answer Soap Data 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 
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Help put your safety program across by Chierinated Hydrecerben Sampling Apperatus 


knowing the hazards in the air your workers 

breathe. Willson air sampling equipment ts For use by chemists or engineers in Depart- 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapors in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 
protection necessary to Maintain better health 
and to redece absenteeism A thalenes, and chlorinated diphenyl in the air 


ments of Health, Industrial Hygiene, Insurance 
Companies, Chemical Industries, Degreasing 
Plants, etc., for the determination of the con- 
centration of chlorinated hydrocarbon vapors, 
such as trichloroethylene, chlorinated naph- 


, 
Impinger Noaale 
32 


Sampling Flask 


Flask Stopper-Larve 


IMPINGER DUST AMPLING APPARATUS 


Used by the U.S. Public Health Service, State 

and City Health Depts., Insurance Companies GOGGLES + RESPIRATORS + GAS MASKS + HELMETS 
Mines, Smelters and Manufacturing Plants tor 

determining the quantity of dusts which may 

cause pulmonary fibrosis. Available with either DOUBLE 

electric or compressed air suction apparatus 

as illustrated. 


PRODUCTS INCORPORATED 
SEND FOR BULLETIN WITH COMPLETE INFORMATION READING, PA., U.S.A. Established 1870 » 


211 WASHINGTON STREET, READING, PA., U.S. A. 
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Supplied in 0.25% solution 
(plein), bottles of 1 oz., 4 oz. 
ond 16 o2.; 0.25% solution 
{oromatic), bottles of 1 oz. and 
16 o2.; 0.5% solution, bottles of 
1 oZ.; 1% solution, bottles of 
oz., 4 and 16 o2.; 
0.125 (Ve)% solution, bottles of 
Va o2.; 0.5% water soluble jelly, 
in tubes. 


1. Van Alyea, O. E., and Don- 
nelly, Allen: Arch. Otoloryng., 
49:234, Feb., 1949. 


® 
NEO-SYNEPHRINE 


HYDROCHLORIDE 


« reduces nasal engorgement .. . 


« promotes aeration .. . encourages drainage 


A few drops of Neo-Synephrine 0.25% in each nostril will promptly 
check mucosal engorgement and hypersecretion, promoting greater 
breathing comfort over a period of several hours. 


The resultant relief to the hay fever sufferer is decidedly 
gratifying. Prolonged action of Neo-Synephrine makes fewer 


applications necessary, consequently longer periods of rest and 
sleep are possible. 


Neo-Synephrine does not lose its effectiveness on repeated application 
and may, therefore, be relied upon to give relief throughout the 
hay fever season. 


Neo-Synephrine is practically free from sting and compensatory 
congestion; does not appreciably inhibit ciliary activity. 
Neo-Synephrine has been found relatively free from systemic 
side effects such as nervous excitation, cardiac reaction 

or insomnia even when tested on hypertensive, 

cardiac and hyperthyroid patients." 


VU 


NEW YORK 18, N. Y. WINDSOR, ONT. 


Neo-Synephrine, trademark reg. U.S. & Canada, brand of phenylephrine. 
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